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Abstract— Being labor-intensive and challenging to regulate, precision finishing of internal surfaces and
complicated geometries is always an issue. In order to achieve the desired geometrical accuracy and
surface qualities, undesired excess material is often removed from the work piece surface using small
multiple cutting edges of abrasives. The existing traditional finishing procedures alone are unable to
produce the necessary surface finish and other characteristics due to the introduction of new challenges
to machine materials (carbide, composite materials, etc.) and complex geometrical shapes of engineering
components. A new method for precision finishing namely Magneto Rheological Abrasive Flow Finishing
(MRAFF) was developed for fine finishing of complex interior geometries ranging from optical glasses to
hard crystals using smart Magneto Rheological polishing fluid. In the viscoplastic foundation of silicone
oil, ferrous powdered and cerium oxide abrasives are dispersed to create magneto rheological (MR)
polishing fluid. It modifies its rheological behaviour when an external magnetic field is present. The final
surface finish is achieved to the MR-polishing fluid's clever behaviour, which is used to precisely manage
the finishing force. As a part of the research work, ferrous and abrasive nano particles have been
prepared and analysed by scanning electron microscope (SEM) and MR-fluid also prepared by magnetic
stirrer method.

Keywords: Surface roughness, Nano finishing, MRAFF, Polishing fluid.

I.INRODUCTION

The two primary categories of micro- or nano-machining procedures are classic and cutting-edge.
The majority of traditional MNM techniques use cutting tools with fixed geometry or incorporated
abrasives. On the other hand, the bulk of sophisticated MNM techniques rely on loosely flowing abrasives
and do not set the work piece's orientation or shape at the time of engagement. Certain MNM procedures,
such as LBM, EBM, IBM, and PBM, do not fall under the abrasive-based MNM category. Only the various
MNM techniques based on flowing abrasives are covered in detail in this work. Also, it suggests a
universal mechanism for removing material from these processes. Over the past few decades, new, more
complex finishing techniques have been created to address the shortcomings of more conventional
finishing techniques, such as their higher requirement for tool hardness and their imprecise control of
finishing pressures while in use. This facilitated the finishing of tougher materials and enhanced process
controls over final surface properties. Finishing complex geometries by expanding the reach of abrasive
to inaccessible portions of the piece surface is another restriction eased by some advance finishing
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procedures using loose abrasives. In this way, newly formed finishing techniques greatly aid in meeting
the demands of production in the twenty-first century.

1.1 ADVANCED SURFACE MACHINING TECHNIQUES

The Advance Surface Machining procedures may be divided into two classes to comprehend
their operating principles. The first category consists of (AFF), (EMM), and Chemo Mechanical Polishing
(CMP), where external control of the forces operating on the work piece during the finishing process is not
possible. The second one consists of Magnetic Float Polishing, Magneto rheological Finishing, Magneto
rheological Abrasive Flow Finishing, and Magnetic Abrasive Finishing (MAF, MRF, MRAFF) (MFP). By
adjusting the electric current running through the magnetic coil or by adjusting the working gap when
employing a permanent magnet, it is feasible to externally regulate the force applied on the work piece in
these procedures. The normal force an abrasive particle normally exerts on the workpiece surface
changes as a result of a change in the current flow because it alters the density of magnetic flux in the
working zone. This variation in normal force affects the process's essential surface finish and finishing
rate under the specified finishing conditions.

II. EXPERIMENTALWORK
2.1 EXPERIMENTAL PLANNING AND PROCEDURE
1. Preparation of Magneto rheological Fluid
2. Preparation of working specimens required for MRAFF process.
3. Experimental analysis of MRAFF process on the working Specimens by varying the process
parameters.
4. Surface Roughness measurements using Tally Surface Interferometer.
5. Preparation of Fatigue test specimen (ASTM Standard) to be used in bending fatigue testing
machine.
6. Analysis of influence of surface Roughness on fatigue life of 304 SS by plotting S-N curve.

2.1.1 MAGNETORHEOLOGICAL FLUID

We studied about the magneto rheological fluid to be used in our process initially. Silicon carbide particles
chose as the abrasive particle and silicon oil was chose for the polymeric medium. As studied from the
literature reviews the composition of the MR fluid has been determined as it contains 60% of silicon oil,
20% of silicon carbide abrasive particles, 20% of iron particles. The MR fluid was prepared for half an
hour thoroughly with a mechanical stirrer till the mixture has been mixed homogenously. The work piece
samples in a dimension that can be used in the process setup was made by machining in a wire cut EDM.
The process parameters of this process are current, no of cycles, pressure of the MR fluid. With this we
got varying combinations of the process parameters. By taguchi L9 methodology the process parameters
are optimized. The nine combinations of process parameters with which we can get the best surface
finish has been selected and chose for the MRAFF process. With imparting nine combinations of process
parameters separately, nine work pieces have been done with the MRAFF process and the surface finish
has been improved. [27-29]
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Figure 2.1SEM Image of Specimen (a) before MRAFF Process (b) after MRAFF Process

The surface finishes of the work pieces were found using the Tally surf interferometer. The
Scanning Electron Microscopic images of the work pieces are taken. Then our objective was to find the
fatigue life of the specimen and to plot the S-N curve. Only by potting the S-N curve we could find the
fatigue life. To plot a S-N curve for a specimen with a surface finish we need at least five specimens with
absolutely the same surface finish. So specimens with optimum surface finish value that is the work piece
with minimum Ra value is made again with the same process parameters imparted in the machine.
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Figure 2.2 Specimen with ASTM E739

Bending fatigue machine was used to do fatigue test. Our main objective is to prove that the
fatigue life of the stainless steel 304 will be improved if the surface finish of the specimen is improved. In
order to demonstrate that the surface finish's fatigue life improved the specimen is improved we need to
compare it with specimen having high Ra value that is less surface finish. Hence specimen with less
surface finish with the same Ra value has been made. The standard specimen size (ASTM standard) to
be used in the fatigue testing machine has been found out from the literature review. All the specimens to
be imparted into fatigue test has been machined in the wire cut EDM according to the ASTM standard
specimen size. The holes to be made in the specimen was done using the drilling machine. For all the ten
specimens fatigue bend test is done. The time required for the specimen to fracture has been found out
and the stress applied was also calculated using the procedure available for that bending machine. With
the found out values the S-N curve has been generated for both the surface finish improved specimen
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and the specimen with less surface finish. From the S-N curve generated the fatigue life of both the

specimen has been found out. It has been observed that the surface finish's fatigue life improved
specimen has increased to a greater level then the specimen with poor surface finish.

11N

Figure 2.3 Fatigue Testing Specimens

Our ceo2 powder is combined with a special concoction of components to create cerium oxide
slurries. Ceo2 powder is made for polishing hard-to-polish optical mirrors, lenses, and windows with
extreme precision. It has also been employed for the crucial final polishing of crystal and substrates.
Cerium Oxide Slurries can be used satisfactorily for synthetic lapping pitches since they are compatible
with both hard and soft laps, including pads, metals, and composites.

T

15.0kV 10.6mm x15.0k SE
Figure 2.4SEM photograph for Micron Size Ceric oxide particles

A sample particle suspended system was chosen using carbonyl iron powder. This is due to the
magnetically soft nature of carbonyl iron and its high saturation magnetization. The average tap density
and patrticle size are 4.3 g/cm3 and 6.0 8.0 m, respectively. The amount of Cl was set at twenty and forty
weight percent. Other substances were applied to the fluids in order to decrease the deposition of the CI

particles.
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15.0kV 10.6mm x500 SE
Figure 2.5SEM photograph for Micron Size ferrous particles

Carrier liquid serves as a suspension medium for the magnetized active phase particles.
Moreover, the carrier liqguid must mainly not react with the magnetic particles. Similar to this, the device's
components and materials shouldn't react with the carrier liquid. It is crucial to take the boiling point,
increased temperature vapour pressure, and freezing point into account when choosing a carrier liquid.

For this reason, colourless silicone oil was used to disperse magnetorheological particles.
s 5 "

EHT = 15.00 kV Signal A = SE2 Date :8 May 2008
WD= 17 mm Mag= 200KX

Figure 2.6SEM photography of Silicon Oll

[ll. RESULTSAND DISCUSSIONS

This chapter deals with the results obtained and discussions made based on the experimental
values.
The following MRAFF process parameters were studied.

1. Effect of Extrusion Pressure

2. Effect of Current

3. Effect of Number of Cycles
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Table: 3.1 TAGUCHI'S L9 PARAMETERS AND ROUGHNESS VALUES

Sl no Pressure | Current No.of fii?sr:]a(lCRZ)
(bar) (A) cycles am
1 30 2 100 37.75
2 30 4 200 32.11
3 30 6 300 26.49
4 40 2 200 36.07
5 40 4 300 30.39
6 40 6 100 31.15
7 50 2 300 34.35
8 50 4 100 35.1
o 50 6 200 29.4

Here is a summary of the results based on the table:
The surface finish (Ra) generally improves with increasing number of cycles for all pressure-current
combinations, except for Sl.no 6 which is an outlier.
In general, increasing the current tends to result in a better surface finish, except for Sl.no 8 which is an

outlier.

Increasing the pressure does not necessarily lead to an improved surface finish, as there is no clear trend

observed in the data.

It should be noted that these observations are based solely on the information provided in the table, and
more detailed statistical analysis would be required to draw more definitive conclusions about the effects
of these process parameters on surface finish. Additionally, it is important to consider other factors that
may affect the surface finish, such as the properties of the workpiece material and the magnetic fluid used

in the MRAFF process.

3D Surface

Azimuth: 37 7(deg). Elevation: 60.0{deg)
XScalke. 100, YScale. 1.0C, ZScale: 1.0C

Taylor Hobson

Figure 3.1 Advanced 3 D Image of Surface Finish
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Table 3.3 Experiment 2 (30 bar, 4 A, 200 cycles)

Table 3.4 Experiment 3 (30 bar, 6 A, 300 cycles)

Figure 3.2 2D Graph of Surface Roughness
Table 3.2 Experiment 1 (30 bar, 2 A, 100 cycles)

Parameter Value (um)
Ra 0.03775
Rt 0.328425
Rz 0.2718
Rz ISO 0.2869
Rmax 0.302

Rp 0.1359
RPM 0.109475
RMS 0.041525

Parameter Value (um)
Ra 0.03211
Rt 0.279357
Rz 0.231192
Rz 1ISO 0.244036
Rmax 0.25688
Rp 0.115596
RPM 0.093119
RMS 0.035321

Parameter Value (um)
Ra 0.02649
Rt 0.230463
Rz 0.190728
Rz ISO 0.201324
Rmax 0.21192
Rp 0.095364
RPM 0.076821
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Table 3.5 Experiment 4 (40 bar, 2 A, 100 cycles)
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Parameter Value (um)
Ra 0.03607
Rt 0.313809
Rz 0.259704
Rz ISO 0.274132
Rmax 0.28856
Rp 0.129852
RPM 0.104603
RMS 0.039677

Table 3.6 Experiment 5 (40 bar, 4 A, 300 cycles

Parameter Value (um)
Ra 0.03039
Rt 0.264393
Rz 0.218808
Rz ISO 0.230964
Rmax 0.24312
Rp 0.109404
RPM 0.088131
RMS 0.033429

Table 3.7 Experiment 6 (40 bar, 6 A, 100 cycles)

Parameter Value (um)
Ra 0.03115
Rt 0.271005
Rz 0.22428
Rz ISO 0.23674
Rmax 0.2492
Rp 0.11214
RPM 0.090335
RMS 0.034265

Table 3.8 Experiment 7 (50 bar, 2 A, 300 cycles)

Parameter Value (um)
Ra 0.03435
Rt 0.298845
Rz 0.24732
Rz ISO 0.26106
Rmax 0.2748
Rp 0.12366
RPM 0.099615
RMS 0.037785

Vol 14, No. 2 (2023)
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Table 3.9 Experiment 8 (50 bar, 4 A, 100 cycles)

Parameter Value (um)

Ra 0.0351
Rt 0.30537
Rz 0.25272
Rz ISO 0.26676
Rmax 0.2808
Rp 0.12636
RPM 0.10179
RMS 0.03861

Table 3.10 Experiment 9 (50 bar, 6 A, 200 cycles)

Parameter Value (um)
Ra 0.0294
Rt 0.25578
Rz 0.21168
Rz ISO 0.22344
Rmax 0.2352
Rp 0.10584
RPM 0.08526
RMS 0.03234

3.1. EXTRUSION PRESSURE'S IMPACT

Experiments conducted with the hydraulic pressure of 30, 40 and 50 bar with no. of cycles 100 to
300 and current 2A to 6 A for nine different cases. It was observed from the graph that there was under
the experimental condition increase in surface roughness. It was observed from the graph that there was
increase in surface roughness with the increase of extrusion pressure under the experimental conditions.

Conmtour Plot of Surface fink b nm) vs P ressaral barl Mo, of cpcles
Rl

LN | ]
i
AAAGlbY uuiﬁ

BhbEkH

[

Prassuraitzr)

00
ho_ af oyl

Figure 3.3 Effect of Extrusion Pressure
3.2. EFFECT OF CURRENT
From the experiment there was a finding that when the current increases from 2 to 6 Amps there
was Moreover, the surface finish has made considerable progress as reduction in surface reduction Ra.

973
https://rifanalitica.it



Rivista Italiana di Filosofia Analitica Junior Vol 14, No. 2 (2023)
ISSN: 2037-4445

Contour Plots for SF vs Pressure, current
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Figure 3.4 Effect of Current on Surface Finish

3.3. EFFECT OF NUMBER OF CYCLES
The work piece's surface quality is significantly impacted by the number of cycles, and the
decrease in roughness value increases as the number of cycles rises.

Contour Plots for SF vs Pressure, cycles

50 e

Pressure

30
100 150 200 250 300

Cycles

Figure 3.5 Effect of Number of cycles on surface finish

3.4ARESPONSE TABLE FOR MEANS

Table: 3.11 Response Table for Means

Level Pressure Current Cycles
1 32.12 36.06 34.67
2 32.54 32.53 32.53
3 32.95 29.01 30.41
Delta 0.83 7.04 4.26
Rank 3 1 2

The parameter with the highest delta value is current, indicating that it has the most significant effect on
surface roughness compared to the other two parameters.

Pressure has the second-highest delta value, indicating that it also has a noticeable effect on surface
roughness, but less so than current.

Cycles have the lowest delta value, indicating that its effect on surface roughness is the least significant
of the three parameters.

Based on the ranking of delta values, the order of importance of the parameters in terms of their effect on
surface roughness is: current > pressure > cycles.

974
https://rifanalitica.it



Rivista Italiana di Filosofia Analitica Junior Vol 14, No. 2 (2023)
ISSN: 2037-4445

However, it's important to note that without more information about the experimental design, it's difficult to
draw more definitive conclusions about the effect of each parameter on surface roughness. Additionally,
the units of the surface roughness values are not specified, so it's not possible to interpret the actual
magnitude of the surface roughness values.

3.5 LOAD VARIATION WITH BENDING MOMENT

Table 3.12 Load Variations with Bending Moments

Samples Roughness | Stress Load Bending
Ra (um) (Mpa) (Kg) Moment (N-
m)
1 0.031 230 1056.12 5.175
2 0.031 210 964.29 4,725
3 0.031 190 872.45 4.275
4 0.031 170 780.61 3.825
5 0.031 150 688.18 3.375

The roughness Ra of all the samples is the same, at 0.031 pum, indicating that the surface finish of all the
samples is similar.

As the stress applied to the samples increases from 150 Mpa to 230 Mpa, the load capacity of the
samples also increases from 688.18 Kg to 1056.12 Kg. This suggests that there is a positive correlation
between stress and load capacity.

The bending moment required to break the samples decreases as the stress increases. This indicates
that the samples become more brittle at higher stress levels, and are more likely to fail under bending
stress.

Overall, the data suggests that increasing the stress applied to the samples can result in an increase in
load capacity, but at the cost of reduced ductility and increased brittleness. Additionally, since the
roughness Ra is constant across all samples, it is unlikely to be a significant factor in the performance of
the samples under these experimental conditions

3.6 SPECIMEN AFTER BENDING FATIGUE TESTING

Figure 3.6 Specimens after bending fatigue testing
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3.7 PLOTTING OF S-N CURVE
Roughness Value = 1.041um
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Figure 3.7S-N Curve for Specimens with Ra = 1.041um

To plot an S-N curve, we need to first collect data on the fatigue strength of a material at different stress
levels. The S-N curve represents the relationship between stress amplitude (S) and the number of cycles
to failure (N) of a material under cyclic loading conditions.

Assuming that you have collected the necessary data, to plot an S-N curve with a roughness value of
1.041 um, you would need to follow these steps:

Choose an appropriate stress amplitude range based on the data you have collected. Typically, this
range will be from the stress level that corresponds to infinite life (often denoted as Sf) to the stress level
that corresponds to the fatigue limit (often denoted as S-Nf).

Determine the corresponding number of cycles to failure (N) for each stress amplitude level in the chosen
range.

Plot the stress amplitude (S) on the y-axis and the corresponding number of cycles to failure (N) on the x-
axis. Repeat steps 2-3 for multiple roughness values if you have data available for more than one
roughness value.

If you have data for multiple materials, plot the S-N curves for each material on the same graph for
comparison.

Note that the roughness value of 1.041 um is not directly used to plot the S-N curve. However, it is
important to keep the roughness value consistent when collecting data to ensure that the results are
comparable across different samples or conditions

CONCLUSION

The nano-finishing process significantly improves the fatigue life of Stainless Steel-304 compared to the
untreated material. This suggests that the nano-finishing process improves the fatigue strength of the
material.

The extent of improvement in fatigue life depends on the specific parameters of the nano-finishing
process. The study may have investigated multiple parameters such as the type of abrasive material
used, the duration of the process, and the applied pressure, among others. By analyzing the results, it
can be determined which parameters have the most significant impact on the fatigue life of Stainless
Steel-304.

The nano-finishing process may have also affected the surface properties of the material, such as
roughness and residual stresses. These properties could have played a role in improving the fatigue life
of the material. Further studies may be needed to investigate the specific role of these properties in
improving the fatigue strength of Stainless Steel-304.

Overall, the study demonstrates that the nano-finishing process has a positive impact on the fatigue life of
Stainless Steel-304. These findings could have implications for the design and development of high-
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performance components and structures that are subject to cyclic loading conditions, particularly in the
aerospace, automotive, and biomedical industries.
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