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Abstract: In this paper, an attempt has been made to chewctihe surface texture generated, during
Magnetic Field Assisted Abrasive Finishing (MFAAB) SS316L material. The changes in surface texture
generated are studied by using surface roughneddepr Atomic Force Microscopy (AFM) and Scanning
Electron Microscopy (SEM). The deep cutting maeds by grinding process have been removed andacegla
by a new surface texture generated during MFAARE@se. It is also observed from the AFM and SEMyiesa
that the peak surface profiles produced by gringiragess have been sheared off by the abrasivesleHus to
tiny material removal in the surface. It is alsadewnt from the micrographs that the indentation eotdtion of

the magnetic abrasive flexible brush have formeclutar lays during MFAAF.

Keywords: Magnetic field assisted abrasive finishing; Suefaoughness; AFM; SEM; SS316L; Surface
topography.

| ntroduction

Conventional finishing process like grinding anddeng apply uncontrolled high pressure on the wadce,
which may cause micro cracks and substantial nostnesses. To overcome these drawbacks of conwahtio
finishing processes magnetic field assisted fimghprocess have been developed. Magnetic fieldstagsi
abrasive finishing (MFAAF) uses the magnetic almagiarticles under a magnetic field to finish tbh&aces of
the work piece with controlled forces [1]. Due teetirregular geometry of magnetic abrasive flexittash,
detailed investigation is required for understagdihe nature of surface generated during MFAAF @sec
Few researchers [2, 3] have studied the processaatkastics and mechanism of surface generatibim ¢
formation and forces acting on the surface duiligAAF process. It is found that most of the reskars have
analysed the process mechanism from macroscopit goview using the roughness profiles. Only ayviemw
works have been published on the microscopic aisalyk surface textures generated during MFAAF [4].
Hence, this paper presents the analysis of surtextere generated during MFAAF process for SS316L
material using surface roughness profiles, AFM &&d images for understanding the basic behaviotinef
process at micro/nano level.
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Experimental details

An electromagnet assembly was fabricated and fitigtie spindle of Computer Numerical Controlledtizal
milling machine to conduct the MFAAF experimenthieTdetails of experimental setup were explained in
Kanish et al. [5]. The experiments were plannedgighe Taguchi design of experiments technique. The
process parameters and their levels were selebed [hilot experiments and literature [2, 6]. Théested
variable process parameters and their levels ferpttesent study are as follows: voltage suppliedhto
electromagnet (A) at levels of 18, 20 and 22 V; inmaiag gap (B) at levels of 1.5, 1.75 and 2.0 matational
speed of electromagnet (C) at levels of 270, 4@b540 rpm; and abrasive size (D) at levels of 400 and
1200 mesh. The other parameters like feed rate rt86rim), finishing time (15min), grain size of irqurarticle
(300 mesh), total amount of magnetic abrasive gar{il0 g) and mixing ratio (80% Fe, 20% SiC alw&)i
were kept constant for all the experiments. Thekwoaterial selected for this study is a non-magneiiterial,
austenitic stainless steel grade 316L.

The experiments were conducted as per the TagW®larthogonal array. The obtained experimental tesul
were fed in to Minitab statistical software for Brsis. The percentage improvement in surface roeghn
(®WAR,) increases with the increase in voltage, rotatis@eed and abrasive size, whereas increase in
machining gap has negative effect. To understaedbiéhavior of abrasive finishing process, the serfa
roughness profiles alone do not reflect the intéwawmf cutting edges of abrasives. Therefore tireesponding
AFM and SEM micro graphs of the work piece surfaetore and after the MFAAF process were also stuidie
and reported.

Results and Discussion
Surface roughness profile analysis

The Figure 1 depicts the surface profiles obtaibefibre and after MFAAF process for the optimal eslwf
process parameters by using Mahr brand surfacennasg tester equipment with martalk instrumentravi
driving unit GD120. It is evident that the maximymmak height (Figure 1 a) has been reduced by theARF
process (Figure 1 b). The peaks obtained by thedigng operations were sheared off by indentatiod an
rotation of MFAAF process. It is also found thatigh level of surface finish, R= 0.087um is obtained at the
optimal cutting condition (A3B1C3D3).

Roughness1: R[LC GS 0.25 mm];

Ra 04093 um
Ri=3.2997 ym

0.67 mm/div 3.33mm

a) Before MFAAF

Roughness1: R[LC GS 0.25 mm];

Ra = 00807 pm
Ri= 13847 pm

-2.000
0.67 mm/div 3.33mm

b) After MFAAF

Figure 1 Surface roughness profile

Atomic Force Micrographs

To understand the surface textures generated byArF#ocess, AFM images were taken (by NanoSurf Easy
Scan2 instrument) before and after the MFAAF preeasd depicted in Figures 2(a) and 2(b) respegtivdie
figure 2(a) shows the AFM image of the work piebewing the periodic peaks and valleys (ranges fé@h

nm to —1.14 um), pits and digs obtained by gringiracess. It is observed from figure 2(b) thatpgkeks have
been sheared off to a much smaller height in thgea@f 150 nm by MFAAF process.
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Figure 2 Atomic Force Micrographs

Scanning Electron Micrographs

Scanning Electron Micrographs of the surface gaadrbefore and after MFAAF process at the optirnéing
conditions is shown in figures 3(a) and 3(b) retigely. To obtain the SEM images Carl Zeiss mak&EH/ -
Supra 55 instrument was used. Figure 3(a) showgrthding marks with periodic peaks and valley@rfithe
figure 3(b), it is observed that the grinding lgeaks were removed and new surface texture is\athigy the
magnetic flexible abrasive brush (MFAB). It is alewident that during MFAAF process the material was
removed by indentation and rotation of abrasiveiglas. Due to localized higher pressure on theasibe
particles, micro-scratches are clearly visiblehia surface texture generated by MFAAF process (Ei§(b)).
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Figure 3 Scanning Electron Micrographs

Conclusions

Based on the above investigations, the followingctwsions are drawn:

i) The normal magnetic force and relative motion iretlion the abrasive particle leads to indentatiah an
shearing action respectively. This helps to impritvesurface roughness.

i) The minimum surface roughness (Ra) value of 0.Q887s obtained at the optimum cutting conditions
(A3B1C3D3). It is also found that the/®R,obtained (80.28 %) at the optimal levels is higihan the

values obtained during L9 experiments.

iii) It is evident from the AFM and SEM images that ¢nanding peak marks on the workpiece surfaces
are sheared off to nano-meter level by MFAAF precaa®d a new surface texture is generated.
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