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Abstract - This paper deals with the comparative studies of clad overlays fabricated by Gas metal Arc Welding process 
under conventional conditions and generating the vibrations in the weld pool by external means. SS 316L claddings over low 
carbon steel as base material has been used for the present work. Mechanical vibrations were induced in the weld pool 
during cladding process by a set up capable of providing vibrations to the work table of varying frequency and amplitude. 
Due to vibrations during the cooling of the weldment the grain structure obtained has been observed to be more refined with 
lesser base metal dilution. Clad specimens were tested against the intergranular and pitting corrosion. Boling nitric acid and 
ferric chloride tests were conducted on the extracted specimens from the experimentation. An overall improvement in the 
corrosion resistance of the clad specimens were observed in the clad specimens fabricated under the conditions of vibrating 
weld pool as compared to conventional GMAW process. 
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I. INTRODUCTION  
 
Surfacing is a process of depositing on metal or alloy 
on a substrate metal to impart some desired properties 
to the surface with respect to the underlying base 
metal [1]. Surfacing is done to amend the properties 
of substrate material like resistance to abrasion, 
corrosion, wear, for achieving dimensional stability, 
and metallurgical needs. Stainless steel cladding has 
been one of the most widely used technique to 
palliate corrosion, in which deposition of stainless 
steel or nickel-based layer laid on a carbon steel base 
or substrate [2]. Weld overlay, or surfacing is to be 
referred as a technique of depositing one metal or 
alloy on a base metal or substrate to achieve some 
desirable properties of surface with respect to the 
base metal, which have inferior properties than the 
cladded metal [3].The major advantage of cladding is 
to create the corrosion resistant surface at the lower 
cost. 
 
Weld cladding can be performed using a variety of 
welding processes including gas tungsten arc welding 
(GTAW), flux cored arc welding (FCAW), gas metal 
arc welding (GMAW), manual metal arc welding 
(MMAW), submerged arc welding (SAW) and 
plasma transferred arc welding (PTAW) etc. Gas 
metal arc welding process or GMAW process has 
been successfully used in the present work. This 
process is also used extensively for the surfacing 
applications.  Weld pool vibration can be termed as a 
technique in which weld pool is vibrated 
simultaneously with ongoing welding process which 
results in the vibration of molten metal. This is done 
to refine the grain structure which also improves the 
corrosion and metallurgical properties of the 
claddings [4]. Mechanical vibrations are used in the 
present work that can be described as the process in 

which the work table on which the welding is carried 
out is vibrated mechanically using the eccentric 
motors. The eccentricity of the mass which is 
attached to the rotating motor results in 
vibrations.This vibrating motor which when comes in 
direct contact with the base of the work table, transfer 
its vibration to it and results in producing the 
vibrating base. 
 
II. EXPERIMENTATION 
 
Stainless steels are also identified as inox alloy which 
contains more than 10.5 percentage chromium by 
mass. Chromium reveals notable resistance to 
corrosion and heat. Other remaining elements such as 
nickel (Ni), molybdenum (Mo), titanium (Ti), 
aluminium (Al), niobium (Nb), copper (Cu), nitrogen 
(N), sulfur (S), phosphorous and selenium also 
increase corrosion resistance properties to specific 
environment, improve oxidation resistance and 
imparts special characteristics. Table 1 given below 
describes the (wt%) of various alloying elements used 
in the filler wire SS316L. 
 
Table 1 Composition (wt.%) of alloying elements(Balance Fe) 

of filler wire 

 
 
A vibration setup was fabricated for producing the 
desired vibration frequency and amplitude and to 
support the base metal plate during cladding. A dc 
motor was connected to base of vibration setup by T-
link to transfer the vibration from the motor to base 
plate. The web part of T-link was connected to motor 
shaft having deformed shape like cam profile at the 
end of motor shaft and flange portion of T-link was 
connected to base of the setup with the assistance of 
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helical spring. Fixture was fabricated on the base 
plate of setup with the help of nut & bolt. The speed 
of the motor was controlled with the help of 
controller having five different steps of speed with 
different frequency and amplitude. Figure 1 shows 
the schematic vibratory set up for the present work. 
 

 
Figure 1 Schematic sketch of vibratory set up 

 
A flat characteristic power source has been more 
popular for GMAW because it provides self-
regulation of the welding arc. Thus, a wire feed unit 
with constant speed setting has been used in the 
present case. Trial runs or preliminary experiments 
were conducted to find out a suitable combination of 
parameters for cladding which were further used in 
the work and give final runs. The selection of suitable 
combination of parameters for cladding was decided 
based on dilution and bead profile which were free 
from visual defects like macrocracking, non-
uniformity on bead, surface porosity, geometrical 
inconsistency etc. Figure 2 (a) and (b) shows the bead 
on plate results of a single bead when vibrations were 
induced in the longitudinal directions and in 
transverse direction to the direction of welding.  
 

 

 
Figure 2 Bead on plate experiment during trial runs 

 
The base plates of AISI 1036 low carbon steel were 
cut into the dimension of 150mm×75mm×10mm. 
Before starting with the cladding operation, cleaning 
of the surface of base metal top surface was necessary 
to remove dust, oil and other foreign particles. The 
pre-cleaning was done with the help of wire brush 
and hand surface grinder to prevent the cladding layer 
from impurities and weld defects and achieve proper 
fusion.Welding was performed by semi-automatic 
GMAW process with parameters shown in Table 2. 
The same welding conditions were maintained 
throughout for all cladding plates with and without 

vibrations but only parameters of vibrations were 
varied. To achieve the desired cladding layer 
thickness, welding was done multi-pass and multi-
layer type as shown in figure 3.  
 

Figure 3. Schematics of fabrication of clad specimens 
 
Cladding was done with seven weld beads in the 
bottom layer and six weld beads in top layer. 
Overlapping between all passes was kept around 25-
30%. Interpass temperature was around 150 ̊ C 
between differents layers captured using digital 
infrared thermometer. 
 

Table 2 Welding conditions during fabrication 

 
 
In the present work low vibration and high vibration 
were used with frequency 25.61 Hz, 26.22Hz and 
amplitude 0.429, 0.421 respectively. Besides these 
conditions solid filler wire with diameter 1.2 mm was 
used, industrially pure Argon gas was used for 
shielding and using direct current electrode negative 
(DCEN) polarity.Specimens for testing were prepared 
from the cladding layer deposited by GMAW 
process. Test specimens for corrosion testing were cut 
into a rectangular shape of dimension 10×15 mm 
with a thickness of 5 mm. Specimens used for the 
microhardness and microstructure testing were 
prepared with dimension 75×10 mm with a thickness 
of 20 mm. 
 
Microstructural studies 
To study the effects of external vibrations on the 
grain structure obtained of clad specimen 
microstructural studies were carried out on specimens 
extracted from the cladded plates. The specimens 
used for microstructural studies were prepared by 
emery paper up to 3000 grit size followed by 
diamond paste polishing to get the scratch less shiny 
surface for the analysis. Specimens were etched using 
marble’s reagent whose composition is shown in 
Table 3.  
 

Table 3: Composition of marble’s reagent used in present 
study 

 

a

b 
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Corrosion studies  
The boiling nitric acid test or Huey’s test as per 
ASTM A-262-Practice C and ferric chloride tests 
were conducted as per ASTM G-48 Method -A to 
determine the corrosion rate and weight loss per unit 
area to measure the relative weakness of austenitic 
stainless steel (ASS) cladding to inter-granular 
corrosion(IGC) attack and pitting corrosion. This 
procedure can also be utilized to investigate the 
effectiveness of the stabilizing elements and the 
influence of carbon percentage in minimizing the 
susceptibility to inter- granular corrosion (IGC) attack 
in Cr-Ni stainless steel [5,6].The specimens for 
boiling nitric acid tests were weighed initially with 
help of digital weighing machine, the readings were 
taken up to 4 decimal places. After that specimens 
were placedone by one inside the bottom of round 
glass flask. The flask having sufficient quantity of the 
nitric acid solution to completely cover specimens 
and provide a volume at least 20 ml/cm2 of specimen 
surface area. In the present work, the total surface 
area of single specimen was 5.5 cm2 and total six 
samples were taken for this test. So that the total rest 
solution was filled in flask around 700 ml. The flask 
solution was heated by using magnetic stirrer hot 
plate and maintained at 80 ⁰C thereby keeping the test 
solution throughout the test period. The test duration 
was of 48 hours and after finishing the test the 
specimens was rinsed with water and scrubbed with a 
nylon brush under the running water to remove any 
adhering corrosion products. After that the specimens 
were dehydrated by dipping in acetone solution and 
weighed in same manner as followed before 
test.Result obtained from this weight loss test is given 
in Table 4. The corrosion rate was evaluated as the 
loss in weight as mm/month according to the ASTM 
A -262 Practice C as follows: 
mm/month = ଶଽ×

×ୢ×୲
 

Here t is the time duration of test in hours, A is total 
surface area in cm2, W is the weight loss in gram and 
d is the density, and density for austenitic stainless 
steel (ASS) was taken as 8g /cm3. 
 

Table 4. Determination of corrosion rate 

 
 
For ferric chloride test, allthe prepared specimens 
were weighed andbefore weighing all specimens were 
cleaned with help of methanol. Then all specimens 
were placed inside the round bottom of glass flask 
having sufficient quantity of the ferric chloride 
solution to completely cover specimens and provide a 

volume at least 5 ml/cm2 of specimen surface area. In 
the present work, the total area of each specimen was 
approximately 33 cm2and total test solution was filled 
in flask around 700 ml. The flask solution was heated 
by magnetic stirrer heating plate, maintained at 50⁰ C 
and covered the test flask with a watch glass. The 
duration of test was of 48 hours and after finishing 
the test, the specimens was dried by dipping in 
acetone solution and weighed in same manner as 
followed in the boiling nitric acid test. Table 5 shows 
the results of ferric chloride tests. 
 

Table 5 Determination of weight loss per unit area 

 
 
III. RESULTS AND DISCUSSIONS  
 
Corrosion performance in terms of corrosion rate and 
weight loss per unit area has been plotted and shown 
in the Figure 4 given below based on boiling nitric 
acid and ferric chloride tests. 
 

 
Figure 4. Comparison of corrosion performance of SS 316L 

claddings 
 
As shown in the figure 4, the corrosion resistance of 
the clad specimens fabricated under the influence of 
weld pool vibrations performed better as compared to 
without vibrations i.e. by GMAW process. Further 
the high vibrations produced better corrosion 
resistance as compared to low vibration conditions. 
This may be attributed to the fact of refined granular 
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structure of the claddings as compared to its 
counterparts [7,8].  
 
 

 

 

Figure 5 Micrographs of SS 316 L claddings fabricated under 
different conditions. 

 
Fine distribution of ferrite can also be attributed to 
greater corrosion resistance offered against the 
corroding atmosphere [9,10]. Microstructures of 
different zone of cladded specimens were captured 
from different zones with the help of metallurgical 
microscope attached with a CCD camera at 200x. 
Figure 5 (a), (b) and (c) show the grain structure of 
clad specimens fabricated by GMAW process with no 
vibrations, low vibrations and high vibrations to the 
weld pool in transverse direction respectively. 
Variation in ferrite morphology and dendritic growth 
was visible in exposed microstructures which were 
taken from different specimens as shown in Figure 5 
(a), (b) and (c).  It was observed from the figure 5 (a) 
and 5 (b) that the formation of fine grain due to 
decomposition of γ/δ dendrites into the fine grains 

structure because of variation in the vibration 
frequency.This transformation process results in 
variation of the composition of austenite and ferrite. 
The composition of austenite is enriched in Ni and 
depleted in Cr compared to the composition of ferrite. 
The growth of austenite phase in the solid state 
occurs by the rejection of Cr and acceptance of Ni. 
The resultant composition of ferrite gets enriched in 
Cr and depleted in Ni. [11]  
High grain refinement was observed in case of high 
frequency and low frequency vibration leading to the 
formation of ferrite structure in the form of lacy 
ferrite due to higher cooling rate and vermicular 
ferrite was observed in the clad layer in case of low 
weld pool vibrations as shown in Figure 5 (b). 
Refined dendrites with epitaxial growth and 
formation of skeletal ferrite has also been observed in 
the clad specimens with high vibration mode shown 
in figure 5 (c). 
 
CONCLUSIONS  
 
Based on the present work it can be concluded that 
the weld pool vibrations proved a good compromise 
between the productivity and clad deposition. 
Following few conclusions are worth reporting: 
1. The grain refinement occurred in clads due to 

higher cooling rate. This factor improves the 
stability of passive layer formed. Clads under the 
influences of vibration, microstructures were also 
refined because of grain refinement of δ- ferrite 
and austenite phase of stainless steel during 
solidification.  

2. The results indicated that the corrosion behaviour 
of clads with vibration condition is better than 
clad with without vibration. It may be attributed 
to lower segregation of solute elements such as 
chromium (Cr) and molybdenum (Mo) into the 
delta-ferrite.  

3. The defects like pores and irregular shape of 
bead profile are eliminated due to occurrence of 
homogenization of segmentation. 
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