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Abstract: This article discusses the effects of surfacing with the introduction of mechanical vibrations into 

the material using shot blasting. It does not require a rigid attachment of the vibrating system to the base 

material, and vibrations are introduced as a result of supplying energy of collision of the shot with the 

parent material. The effect of introducing mechanical vibrations through shot blasting during welding of 

P235GH steel on the structure and hardness of obtained structures was described. Comparative results of 

tests revealing the basic differences in the structural structure and hardness of reached welds without shot 

blasting and with its participation were presented. As a result of the conducted research, differences in the 

structural structure of the welds were shown and it was shown that shot blasting is an effective and 

alternative method of introducing mechanical vibrations supporting welding processes. 
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Introduction 
Available literature items in the field of the impact of mechanical vibrations during welding processes 

inform that their proper application leads to an improvement in the structure of welded joints understood as 

a reduction in the size of grains, an improvement in their shape similar to equiaxed grains, and a change in 

the number and proportion of some phases arising in the structure [1÷10]. It is also known that areas subject 

to melting change, those that lie close to the fusion line, as well as the heat affected zone itself [7]. Generally, 

it can be said that welding processes carried out with a controlled proportion of mechanical vibrations allow 

to improve the structure of obtained welded joints or padding welds. It should also be noted that the 

aforementioned changes in the structure are much more pronounced in the case of processes related to 

welding, namely in casting. This is perhaps because the crystallization process takes much longer in this case 

than with welding processes and we gain here by reducing the dynamics of crystallization. However, in 

many cases [2÷4], the use of vibrations becomes a source of technical complications associated with the need 

to use complex vibrating systems, vibration generators, etc. The closeness of the source  

of the vibration and the liquid metal pool is also a considerable problem, which causes the risk of damaging 

the vibrating system. The vast majority of methods of introducing mechanical vibrations known from  

the literature require ensuring perfect contact of the elements of the vibrating system with the basic material 

[1÷10]. One can find studies in which the authors mention that mechanical vibrations were delivered to the 

welding zone but do not inform about the method of mutual attachment of the basic material and  

the vibrating system [1,4,8,9]. Considering that mechanical vibrations are able to improve the structure of 

welded joints or padding welds so much that they are an alternative to heat treatment, it is worth considering 

the use of vibrations while eliminating the technical problems of their application and the risk of damage to 

the vibrating system. Such works that describe the use of vibrations introduced without the use of vibrating 

systems inform that it is possible to effectively introduce vibrations into the basic material and their 

specificity removes some problems such as the risk of proximity to a heat source, the need for some contact 

with the vibrating system and reduces the degree of complexity of the vibrating systems [10÷14]. This article 

discusses a proposal for such a solution that meets the above assumptions. Vibrations were introduced using 

the impact variety method [11,12]. It does not require rigid attachment of the vibrating system to the base 
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material, and vibrations are introduced as a result of supplying the energy of collision with the shot's 

substrate (metallic particles with a shape similar to the sphere). The effect of these collisions will depend on 

many factors. These include the basic ones: the average mass of a particle, its average momentum (kinetic 

energy), the number of collisions per unit of time, their distribution on the surface of the basic material, and 

the average size and distance between the shot blasted area and the heat source's welding impact. The article 

discusses the impact of the new method of introducing mechanical vibrations by shot blasting during 

surfacing of P235GH steel. Comparative results of metallographic tests revealing the basic differences in the 

structure of obtained padding welds without shot blasting and with its participation were presented. The 

results of measuring the hardness of the basic areas of obtained padding welds are also included. 

Materials and methodology 
The surfacing experiment was carried out using the MAG method on the surface of a steel pipe with  

a diameter of 89 mm, wall thickness 3.2 mm and a length of 2000 mm (the composition and properties of this 

steel are included in Table I). The surfacing tests were carried out in a flat position parallel to the pipe axis. 

The weld No. 1 without mechanical vibrations and the padding weld No. 2 with mechanical vibrations 

generated in the blasting process were obtained (Figs. 1 and 2). In both cases, M21 shielding gas  

and Oerlikon Carbofil 1 Gold wire according to EN 440: G 42 3 C G3 Si1 with a diameter of 1 mm were used, 

the composition and properties of which are given in Table II. The padding welds were obtained  

at the following parameters: I = 100 A, U = 20 V, wire feed rate 3 m/min, welding speed 1.5 m/min realized 

by feed of a shot blasting machine. 

Table I. Chemical composition and properties of P235GH steel acc. to certificate 3.1 (PN-EN 10204) 

Chemical composition [wt.%] 

C [%] 

0.11 

Mn [%] 

0.42 

Si [%] 

0.016 

P [%] 

≤0.008 

S [%] 

≤0.006 

Cu [%] 

0.02 

Cr [%] 

0.02 

Ni [%] 

0.01 

Al [%]  

0.03 

Alsol [%] 

0.025 

V [%] 

0.001 

Mo [%] 

0.002 

Nb [%]  

‒ 

Co [%] 

0.002 

Ti [%] 

0.001 

As [%] 

0.001 

N2 [%] 

0.007 

Ca [%] 

0.0026 

Pb [%] 

0.001 

Sn [%] 

0.001 

O [%] 

‒ 

H2 [%] 

‒ 

Zn [%] 

0.0012 

W [%] 

0.001 

B [%] 

0.0002 

Zr [%] 

0.0006 

CEV [%] 

0.19 
   

Mechanical properties 

Re [MPa] 

311 

Rm [MPa] 

408 

A5 [%] 

45,6 

Table II. Chemical composition and properties of filler metal type EN 440: G 42 3 C G3 Si1(Oerlikon Carbofil 1 Gold) 

Chemical composition [wt.%] Mechanical properties 

C [%]  

0.08 

Mn [%]  

1.5 

Si [%]  

0.9 

P [%] 

≤0.025 

S [%] 

≤0.025 

Re [MPa] 

420 

Rm [MPa] 

500÷640 

U (-30 °C) [J] 

≥47 

 

 
Fig. 1. Diagram of the surfacing process with up blasting 
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Fig. 2. Figure depicting a real system with a welded and up blasted pipe in the Tilghman Weelabrator device 

Shot blasting was carried out in a four-nozzle rotor device (Fig. 2) using steel shot with a diameter of 

approx. 1.5÷2 mm (Fig. 3). 

 
Fig. 3. Steel shot used to introduce vibrations during welding (one grid with 1 x 1 mm side) 

Research results 
Comparative metallographic tests of the obtained padding welds, quantitative grain size analysis and 

visual analysis of the darker content in the images of the occurring phase interpreted as perlite were 

performed after surfacing trials. Hardness measurements were also made using the Vickers method at 100G 

load.  

Metallographic tests results 
Metallographic tests were carried out on an OLYMPUS BX51M microscope with Stream Essential  

v. 2.3 software. 16x and 500x magnification was used to show differences in the macrostructural structure as 

well as the microstructure of individual weld areas such as ridge, face, fusion line or heat affected zone (Fig. 

4). The macrostructure photos obtained for the welds allowed to assess the mixing coefficient, face width, 

height of the weld, which allowed to calculate the shape factor. All parameters are given in table III. 

In relation to the obtained welds 1 (without vibrations) and 2 (with vibrations), an average grain size 

analysis according to ASTM E112-13 was carried out in particular areas such as ridge, face, fusion line  

and HAZ. The results of this analysis are shown in figure 5. 
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(i) (j) 

Fig. 4. Structure of welds; No. 1 reached without up blasting, b) No. 2 reached with up blasting, c) No.1 in the root 

region (16% perlite), d) No. 2 in the root region (26% perlite), e) No. 1 in the face region (32% perlite), f) No. 2  

in the face region (25% perlite), g) No. 1 in the right fusion line (17% perlite), h) No. 2 in the right fusion line (15% 

perlite), i) No. 1 in the HAZ region, j) No. 2 in the HAZ region (11% perlite) 

Assessment of parameters characterizing the geometry 
Based on representative photos of the macrostructure (Fig. 4a and b), the geometrical parameters of the 

welds were determined, and the degree of mixing and shape of the welds were calculated, and are given in 

table III. The values of these parameters are average values from measurements for three cross-sections 

respectively obtained for the case without vibrations and with vibrations. 

Table III. Parameters characterizing the weld’s shape 

Parameter Weld No. 1 Weld No.  2 

Width of the face B [mm] 7.56 8.86 

Height of the weld H [mm] 4 4 

Shape factor B/H 1.89 2.22 

Degree of mixing W [%] 38% 44% 

 

Average grain size in the root area of weld No. 1 

 

Average grain size in the root area of weld No. 2 

 
Average grain size in the face area of weld No. 1 

 

Average grain size in the face area of weld No. 2 

 
 

Average grain size in the right fusion line area  
of weld No. 1 

 

 
Average grain size in the right fusion line area of weld 

No.2 
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Average grain size in the HAZ area of the weld No. 1 

 

Average grain size in the HAZ area of the weld No. 2 

 
Fig. 5. The results of grain size analysis in characteristic areas of surfacing welds No. 1 and 2 acc. to ASTM E 112-13 

 

Hardness measurement results 
Hardness was measured from the face (where the origin of the coordinate system occurs) towards  

the ridge. The results of microhardness measurements are shown in figure 6. On the graph, the points 

represent the average values of three measurements. 

Hardness in the axis of welds HV0.1 

 
Fig. 6. Results of HV 0.1 hardness measurements in the weld axis (trend lines marked) 

Research results discussion 
The observation of the macrostructure of the obtained welds showed that the use of vibrations with the 

help of a four-nozzle shot blasting machine during the surfacing caused a change in the shape of the padding 

weld. A wider face was created while maintaining the same height of the weld and the degree of mixing in 

the padding weld increased. 

Photographs of the microstructure taken in the characteristic areas of the welds show significant 

differences in their structure in relation to the padding weld obtained without vibration and for that with 

vibration. It can be stated that the greatest diversity of structure occurs in the ridge, face and heat affected 

zones. This is also confirmed by the analysis of grain size and distribution in these zones. Near the ridge, the 

introduction of vibrations caused the number of grains with the largest to decrease, and their maximum 

concentration shifted towards a smaller percentage. In the case of a face, the disappearance of perlite islets 

can be observed, which is confirmed by a decrease in the maximum grain size and relaxation of the maximum 

concentration and shifting it towards larger percentages. The heat affected zone also suffered a change in the 

dendrite breakdown, which resulted in more visible grain equilibrium and a reduction in the maximum grain 

size and flattening of the grain size distribution. 

Microhardness measurements showed that there is a significant difference in its distribution.  

The hardness distribution in weld No. 1 obtained without the use of shot blasting clearly shows significant 

variation. Near the face there were higher values than in the middle of the weld and much higher in terms 

of hardness in the root area. It is also worth noting that the hardness distribution in weld No. 2 obtained with 

up blasting shows a significant degree of flattening, and the average hardness value is lower by approx. 15 

to 20 HV0.1. It is different in the case of ridges. The trend lines of the hardness distribution of both padding 

welds intersect in the ridge area, and the hardness in the weld No. 1 falls by about 50 HV0.1 compared to 

padding weld No. 2. 
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Both metallographic tests and microhardness measurements clearly indicate that the blasting process 

caused visible structural changes as well as the properties of the obtained welds. These changes can be seen 

as positive, both in terms of grain shape and size, and in terms of homogeneous structure. 

Conclusions 
As a result of the described tests, the thesis can be formulated that the use of shot blasting to introduce 

mechanical vibrations during welding can be an effective process and is an interesting alternative to other 

more complicated and troublesome methods requiring constant and reliable contact of the vibrating system 

with the basic material. The fact that this method is common and generally available can be a key aspect of 

its successful use in future welding. Documented changes in the microstructure and properties of the welds 

obtained on ordinary low-carbon steel may not solve any significant material nature problem but prove that 

the shot blasting process should be considered as a replacement method of welding vibration support. 

Nevertheless, in order for the proposed method to give more predictable and reproducible results, it is still 

necessary to solve many problems related to the selection and optimization of parameters, such as average 

mass of shot grain, its average momentum value, collision intensity per unit of time, range and shape of the 

blasted basic material and the average size and its distance from the place of influence of the welding heat 

source. The determination of these factors and the description of the vibrations they cause are now a priority 

in the development of shot blasting technology as a method of introducing mechanical vibrations  

in welding processes. Shot blasting as a known and common process in the metal industry, when properly 

used, can ensure the effective introduction of mechanical vibrations and interaction with the liquid metal 

pool. 
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