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Abstract 
 
SUS 304 stainless steel is most commonly used austenitic stainless steel 

which finds many industrial as well as domestic applications.  SUS304 
stainless steels can be welded by various welded by various welding 

processes like TIG welding, MIG welding, Friction stir welding, Explosive 

welding etc. In most of the welding processes, weld bead are very rough and 

needs to be finished to meets customer requirements. In present research 
work, an attempt has been made to finish TIG welded SUS 304 stainless steel 

weld beads with magnetic abrasive finishing process. Three process 

parameters: processing time, weight percentage of abrasives and tool 
rotational speed has been selected to finish work surfaces. Response surface 

methodology (RSM) has been utilized to design experiments to finish the 

work surface. Influence of selected process parameters on improvement in 
surface finish has been observed.  Scanning electron microscopy (SEM) has 

been also implemented to check the impact of process parameters on work 

surface microstructure. 
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1 Introduction 

 
From the family of Austenitic stainless steels (SUS301, SUS302, 

SUS303, SUS304, SUS304L, SUS316, SUS347 and so forth.), SUS304 is 

most commonly used steel in all major fields of industrial applications. It is a 

non-magnetic alloy which finds wide applications in manufacturing of fluid 
pipes, fire fighting equipments, mining equipments, machines and 

equipments on chemical, cryogenic, food, dairy, pharmaceutical industries 

etc. SUS304 steel possesses good weld ability and can be joined by different 
welding processes. Various researchers examined metal exchange mode, 

welding morphology and microstructure of weld puddle during Tungsten 

inert gas welding of SUS 304 stainless steel. Influence of tungsten inert gas 

welding process parameters, i.e. shielding gas, pre heat temperature, work 
material (types of stainless steels), filler rod diameter, welding current, flow 

rate of gas on residual stresses, percentage elongation, tensile strength and 

Rockwell hardness have been thoroughly investigated in [1-5].  MIG 
welding, friction stir welding, explosive welding and hybrid welding 

processes have been success fully utilized to weld SUS 304 surfaces[6,7,8]. 

Influence of process characteristics on weld quality, elastic strain and other 
residual stresses have been thoroughly studied. 

In specific applications like marine applications, boiler manufacturing, 

sanitary pipes, SUS 304 stainless steel welded joints needs to be finished.  

Welded joints can be finished with conventional finishing methods like 
filing, grinding, honing, lapping etc.  But high tool wear rate, high surface 

roughness and insignificant rate of material removal make conventional 

finishing methods less productive. In such cases, non conventional finishing 
processes can give better results. One such process known as Magnetic 

Abrasive Finishing (MAF) which may be utilized for finishing SUS 304 

welded joint. In Magnetic Abrasive Finishing (MAF) process, material is 
removed in the form of debris particles in presence of magnetic field by 

ferro- magnetic abrasive particles in the finishing zone. It is a non-traditional 

finishing process, which conveys a proper surface quality and it is 

fundamentally constrained by an attractive area. A magnetic abrasive flexible 
brush (MAFB) between N-S pole and work surface is formed which behaves 

like a multipoint finishing tool. MAF was practiced for flat surfaces finishing 

in early stages. Later, external as well as internal surfaces of ferrous as well 
as non-ferrous surfaces were finished by this process[9,10,11,12].  
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MAF has been also implemented for external surface of Inconel 718 and 

Inconel 625 flat 5mm thick plate[13,14].  

In proposed work, it has tried to finish weld beads of SUS304 TIG 
welded joints. Influence of selected magnetic abrasive process variables on 

surface finish of welded joint has been investigated and explained. 

 

2  Experimental Setup 
 

An experimental set up which consists of a rotating magnetic tool fixed 
in spindle of vertical milling machine as shown in figure 1 is used to finish 

weld beads of SUS304 stainless steel welded plates. Magnetic tool is made 

up of aluminium rod (Ø25×125 mm) and Nd-Fe-B permanent magnet of size 

(Ø20×22mm). Two hand wheel screws are available to control the movement 
of bed (left & Right) and other one screw is available towards upper side and 

lower side which further moves the bed up and down for maintaining 

necessary gap between magnetic tool and work piece as shown in figure 2. 
Vertical milling machine is capable to rotate tool from 80-520 rpm. Two 

wooden blocks have been used to keep the workpiece at a certain height from 

machine bed. Suitable fixtures have been used to hold the work piece on 

machine bed. Another Nd-Fe-B supporting magnet (Ø20×10 mm) has been 
installed below the workpiece to enhance magnetic flux density as shown in 

figure3.  

 

 
Figure 1: Schematic View of Experimental Setup 
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Figure 2: Photographic View of Experimental Setup 

 

 
Figure 3: Photographic View of Magnetic Tool with Supporting Magnet 

 

3    Experimentation 
 

For final experimentation, SUS304 stainless steel weld bead (workpiece) 
was fixed on a vertical milling machine bed with suitable fixtures. A 

magnetic tool was held in milling machine spindle and another supporting 

magnet was placed below the work piece. A strong magnetic field is induced 
between two magnets. Due to grinding operation on the weld bead of 

SUS304 stainless steel surface, it has very rough surface with the number of 

tool marks and asperities. Figure 4 shows SEM photograph of the weld bead 

of SS304 stainless steel surface which indicates number of  tool marks, hot 
spots and burrs caused due to high grinding forces. 
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Figure 4: SEM Photograph of SUS304 Stainless Steel Weld Bead 

 

For MAF of weld beads of SUS304 stainless steel, different process 

variables i.e.pole rotational speed, processing time, pole-work gap, quantity 

of abrasive particles and composition of ferromagnetic abrasive particles etc. 
can influence finishing process. Through use of experimental setup 

capabilities and literature survey, three major process parameters: pole 

rotational speed, processing time and weight percentage of abrasive particle 
and their ranges has been opted to conduct experimentation as shown in 

Table 1. 

A mixture of silicon carbide abrasive particles (Ø 40µm average particle 
size) and electrolytic iron particles (Ø300 µm) is utilized as ferro-magnetic 

abrasive particles for finishing of weld beads. Soluble type barrel finishing 

compound (2 ml) has been used for each experiment. 2 mm gap between 

magnetic tool and weld bead of SUS304 stainless steel has been maintained.  
Gap is immersed with ferro-magnetic abrasive particles (Quantity: 3 gms). 

Due to high magnetic flux density between two magnets, a magnetic abrasive 

brush is developed over weld bead of SUS304 stainless steel that acts as a 
finishing tool while rotating over the surface and removing surface 

irregularities. 

 

 

 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 
7007 Harish Kumar et.al 

 
Table 1: Experimental Condition 

 

Work piece Weld beads of SUS304 stainless 

steel(TIG Welded)  

Magnetic tool Nd-Fe-b Permanent Magnet 

(Ø20×22mm) 

Supporting Magnet Nd-Fe-b Permanent Magnet 

(Ø20×10mm) 

Process parameters  Processing Time (45 - 135 Minutes) 

Weight %age of Abrasive (25 % - 45%) 

Pole Rotational Speed  (100-300 rpm) 

 

Ferro-magnetic abrasive particle 

quantity 

3 gms 

Magnetic Particles Electrolytic iron particles (Ø300 μm) 

Abrasive particles Silicon Carbide (Ø40 μm) 

Working Gap Between Work Piece 

And Magnetic Tool 

2 mm 

 

Table 2: Real and Coded Level of Independent Variables 

 

Parameters Symb

ol 

Level 

  -1 0 1 

Processing Time (Mins) A 45 90 135 

Wt %Age Of Magnetic 

Abrasive (%) 
B 25 35 45 

Pole Rotational Speed (rpm) C 100 200 300 

Response Characteristic Percentage Improvement In Surface 

Finish (PISF) 

 

Weld bead of SUS304 Stainless Steel were experimented on vertical 

milling machine. Magnetic tool was held in vertical milling machine spindle, 
and work piece was held on the machine bed, with suitable fixtures. Another 

supporting permanent magnet was placed below the workpiece.  

In existing work, responses surface methodology is utilized to plan the 

experiment. Three independent variables i.e., Pole Rotational speed, 
Processing Time and Weight % of abrasives, which can influence the surface 

finish were chosen and  varied up to three levels as shown in Table 2.  

As per experimental plan, 17 experiments were performed as shown in 
Table 3. Experiments were performed randomly. After experimentation, 

roughness of surface work-piece was measured with roughness tester.  
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Surface finish was measured at least three points to obtain final surface 

finish. 

Final value of surface finish was based on average value of above three 
points. Percentage improvement in surface finishing (PISF) for all the 

seventeen experiments were considered by comparing their average surface 

roughness values of unprocessed surface with processed surface. Initial 

values for surface roughness vary from 2.6066 µm to 2.4333 µm and final 
values for surface roughness varies from 1.4166 µm to 1.63 µm. 

 
Table 3:  Plan for Experimentation 

 

Exp. No. Std Processing Time 

(mins) 

Weight Percentage of 

Abrasive 

Tool Rotational 

Speed (RPM) 

1 10 0 1 -1 

2 1 -1 -1 0 

3 4 1 1 0 

4 14 0 0 0 

5 16 0 0 0 

6 5 -1 0 -1 

7 11 0 -1 1 

8 12 0 1 1 

9 9 0 -1 -1 

10 17 0 0 0 

11 2 1 -1 0 

12 15 0 0 0 

13 13 0 0 0 

14 8 1 0 1 

15 7 -1 0 1 

16 6 1 0 -1 

17 3 -1 1 0 

 

 

Final results of Percentage improvement in surface finishing was shown 

in table 4. An ANOVA has been used to analyze the result 
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Table 4: Experimental Responses 

 

Exp. 

No. 

 

Order of Exp. 

Independent Parameters (Coded)  

PISF 

A B C 

1 10 0 1 -1 31 

2 1 -1 -1 0 14 

3 4 1 1 0 74 

4 14 0 0 0 55 

5 16 0 0 0 53 

6 5 -1 0 -1 17 

7 11 0 -1 1 53 

8 12 0 1 1 65 

9 9 0 -1 -1 44 

10 17 0 0 0 57 

11 2 1 -1 0 69 

12 15 0 0 0 61 

13 13 0 0 0 62 

14 8 1 0 1 68 

15 7 -1 0 1 29 

16 6 1 0 -1 60 

17 3 -1 1 0 33 

A- Processing Time 

B- weight Percentage of Abrasive 

C- Tool Rotational Speed 

 

4 Result And Discussion 
 

After final experimentation on 17 work pieces (Weld beads of SUS304 
Stainless Steel), each  work surface was tested for surface finish. Percentage 

improvement in surface (PISF) has been calculated and then analysed using 

design experiment software. Influence of three process parameters have been 
analysed and discussed as follows: 
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4.1 Influence of Process Variables on PISF 
 
4.1.1 Influence of Processing Time and Weight %Age of Abrasive 
on PISF 
 

 
Figure 5: Influence of simultaneous fluctuation in processing time and weight %age 

of abrasive on PISF 

 

Figure 5 shows that combined influence of processing time and weight 
%age of abrasives on %  improvement in surface finishing. PISF is minimum 

at lowest value of processing time (45 Minutes)) and weight %age of 

abrasives (25%). It starts increasing with corresponding increase in 
processing time and weight %age of abrasives. But as compared to 

processing time there is little increment in PISF with increase in weight 

%age of abrasives. On the other hand, drastic improvement in PISF can be 

observed with increment in processing time. It can be hypothesised that 
surface asperities can be better removed if the surface processed for longer 

duration of time. Highest PISF can be observed at highest value of 

processing time (135 Minutes) and average value of weight percentage of 
abrasive particles.  

 

4.1.2 Influence of Weight %Age of Abrasives and Tool Rotational 
Speed on PISF 
 

Influence of simultaneous variation in weight %age of abrasive particles 

and pole rotational speed is shown in figure 6  
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Figure 6:  Influence of simultaneous variation in weight %age of abrasive and tool 

rotational speed on PISF. 

 
It is clear that PISF is less at minimum pole rotational speed (100 rpm) 

and minimum weight %age of abrasive particles (25%). PISF starts 

improving with corresponding enhancement in weight %age of abrasives and 

tool rotational speed. Highest PISF has been observed at highest weight 
%age of abrasives (45%) and highest surface rotation speed (300 rpm). Its 

reason may be the fact that at higher weight %age of abrasives and higher 

tool rotation speed, more surface irregularities can be removed hence 
providing better PISF. Interesting point to see that influence of weight 

percentage of abrasive is better at higher tool rotational speeds. 

 

4.1.3 Influence of Processing Time and Tool Rotational Speed on 
PISF 
 

Figure 7 demonstrates influence of variation in processing time and tool 
rotational speed on PISF. It is clear that PISF is smallest at minimum 

processing time and tool rotational speed. 

 
 

 

 

 
 

 



                                                                                                                  
 

 

 
 

 
Experimental Investigations on Finishing of SUS304 Stainless Steel Weld Beads with 

Magnetic Abrasive Finishing Process for Sustainability 7012 

 

 
Figure 7: Influence of simultaneous variation in processing time and tool rotational 

speed on PISF 

 

With simultaneous enhancement in processing time and tool rotational 
speed, there is corresponding increase in PISF. Further it is clear that 

processing time is more influential parameter than tool rotational speed.  

Also tool rotational speed is ineffective upto certain maximum value. After 

that PISF starts decreasing with increase in tool rotational speed. It can be 
hypothesised that at certain tool rotational speed, most of the surface 

asperities are removed. With further enhancement in tool rotational speed, it 

starts scratching the surface rather than finishing. 
 

4.2 Influence of Process Parameters on Surface Microstructure  
 
4.2.1 Influence of Processing Time on Surface Microstructure 
 

 
a) Surface microstructure with processing time = 135 

b) Surface microstructure with processing time = minutes, weight %age of abrasives 

= 25% and tool  45 minutes, weight percentage of abrasives =35% 

rotational speed = 200 rpm and tool rotational speed 100 rpm 

Figure 8: Influence of processing time on surface microstructure 
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Figure 8 (a) and (b) shows the SEM photograph of processed weld bead 

of SUS304 stainless steel with maximum and minimum processing time. As 

compared to initial surface considerable improvement can be observed with 
maximum and minimum processing time. When the surface is processed at 

maximum processing time, 135 minutes, it seems to be smooth and free from 

scratches, tool marks and hot spots. On the other hand, when the surface is 
processed for 45 minutes, tool marks, scratches, hot spots are not completely 

removed. So it can be summarized that more the values of processing time 

better the surface finish. 

 

4.2.2 Influence of Weight Percentage of Abrasive Particles on 
Surface Microstructure 
 

Influence of weight %age of abrasive particles on surface microstructure 

can be observed from figure 9 (a & b). It can be observed that higher weight 

percentage of abrasives (45 %) gives better surface finish. At lower weight 
percentage of abrasives (25), work surface still not improved showing tool 

marks, scratches, hot spots present on surface. 

   
a) Surface microstructure with processing time = 90  b) Surface 

microstructure with processing time = 
minutes, weight %age of abrasives = 45% and tool  45 minutes, 

weight percentage of abrasives =25% 

rotational speed = 100 rpm    and tool rotational speed 

100 rpm 

Figure 9: Influence of Weight %age of abrasives on surface microstructure 

 

It can be hypothesised that higher weight percentage of abrasives 
removes more surface irregularities. 

 

4.2.3 Influence of Tool rotational speed on Surface 
Microstructure 
 

Figure 10 (a & b) demonstrates the influence of tool rotational speed on 

surface microstructure. It can be observed that work surface is better 
improved with higher tool rotational speed, 300 rpm (Fig. 10 a). At lower 

tool rotational speed, 100 rpm (Fig. 10 b), deep cuts, penetrations, tool 

marks, hot spots still remained on the surface. 
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a) Surface microstructure with processing time = 90  b) Surface 

microstructure with processing time = 

minutes, weight %age of abrasives = 25% and tool  90 minutes, 

weight percentage of abrasives =25% 

rotational speed = 300 rpm    and tool rotational speed 
100 rpm 

Figure 10: Influence of Tool rotational speed on surface microstructure 

 

It may be due to the reason that at higher tool rotational speed, ferro-

magnetic abrasive particles removes surface asperities more adequately as 
work surface is exposed flexible magnetic brush for longer duration of time. 

 

5 Conclusion 
 

After analysing experimental results, following conclusion are found: 

 It is possible to finish the weld bead of SUS304 stainless steel 

with magnetic abrasive finishing process. 

 There is a considerable Influence of three selected process 

parameter: processing time, weight percentage of abrasive particles and tool 

rotational speed on percentage improvement in surface finish. 

 Processing time is the most influencing parameter which affects 

the finishing process. Higher value of processing time gives better surface 
finish. 

 Influence of weight percentage of abrasive particles, depends 

upon the other two process parameters. But it can be observed that better 

surface finish can be obtained with higher weight percentage of abrasive 

particles. 

 Maximum value of tool rotational speed 300 rpm is the most 

favorable speed to get higher percentage improvement in surface finish. 
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