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ABSTRACT: Surface texture is roughness. Variations in a surface's normal vector from its ideal shape are measured. If the
differences are large, the surface is rough; otherwise, it's smooth. Roughness is a high-frequency, short-wavelength surface
measurement. Roughness defines how an object interacts with its environment. In tribology, rough surfaces wear faster and
have higher friction coefficients. Roughness is a key indicator of a mechanical component's performance since surface
irregularities can induce fractures or corrosion. Roughness encourages adherence. Cross-scale characteristics like surface

fractality enable more accurate predictions of surface mechanical interactions like contact stiffness and static friction.
I INTRODUCTION

Surface finish affects most engineering applications' wear and friction. Various surface finish techniques and processes have
been implemented to improve the finish of engineering components, but each has advantages and downsides. MAF's hybrid
method is gaining prominence among surface finishing processes [1].

Many researchers have considered spindle speed, type of abrasives, electromagnet workpiece gap, percentage weight of
abrasive, magnetic flux density, etc. to optimise for desired responses, but the impact of abrasive particle size (in nano scale)
on surface finish and material removal rate has not been explored. This study compares micro and nano-sized Iron Oxide
(Fe304) abrasives under an external magnetic field [2, 3, 4].

Comparing surface roughness profile cutting with micro and nano abrasives enables the MAF process to be a more exact
and consistent nano finishing approach. Experiments have also confirmed the results [5, 6].

Full factorial experimental design was used to examine the influence of processing duration, magnetic workpiece gap, and
abrasive particle size on surface quality and material removal rate. Current, abrasive type, magnetic flux density, voltage,
and spindle rpm remained unchanged [7, 8].

Relevance: The study showed a low-cost approach for magnetically assisted surface finishing of aluminum alloy (Al 6063)
pipes for automotive and marine applications. Industries Surface roughness tester measures internal surface finish.

Various researchers around the globe has worked on surface roughness. Few of the most relevant document that has been
taken in to consideration for the present work are; [9] created an internal magnetic abrasive finishing technology for
nonferromagnetic difficult shaped tubes with straight and curved segments. This article describes finishing theory and
equipment that allows a finishing unit to move using a robot. Due to changes in geometry, the tests show how straight and
curved pieces are finished. The finishing trials show that a single processing iteration can produce almost uniform interior
tubes and the possibility of flexible internal finishing in an automated system. [10] found that as technology progresses,
modern enterprises need tungsten, titanium alloys, ceramics, and composites. These materials are preferred in modern
industries due to their great hardness, wear resistance, toughness, and strength. These demanding materials are hard to
process. Traditional finishing methods including grinding, lapping, honing, and polishing are ineffective. Less productive
approaches include abrasive flow machining, magnetic field assisted finishing, and chemo-mechanical finishing. The current
study blends chemical oxidation with magnetic field-assisted abrasion for faster processing (magnetic abrasive finishing).
To establish the procedure, the impacts of abrasive %, oxidising agent concentration, magnet rotational speed, and working
gap were recorded on tungsten work pieces. Tests were planned using Taguchi L9 array. Analyzing variance was used to
identify the influence of process factors on process response. SEM micrographs of the finished workpiece's surface
morphology were taken. [11] found that finishing the needle's interior and exterior concurrently should save time. This
research clarifies the magnetic field and magnetic particle dispersion needed to achieve simultaneous surface finishing of
18 gauge 316 stainless steel needles. Inner and exterior needle surfaces can be polished to 0.01 m Sa in 5 minutes. Kang et
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al. created a multiple pole-tip approach using a partly heat-treated magnetic tool in magnetic abrasive finishing, enhancing
finishing efficiency. New high-speed machinery will cut processing time. This paper addresses the design of high-speed
multiple pole-tip finishing equipment capable of spinning the spindle up to 30000 min-1. It discusses the impact of tube
rotational speed on abrasive motion during finishing tests. Clarified are the high-speed machine's finishing mechanisms.
[12] describe the magnetic-abrasive finishing approach and a few finishing features (magnetic-abrasives). Magnetic field
strength introduces magnetic-abrasive pressure, and its measured value reaches conventional lapping pressure. Experiment
outcomes are analysed. In a short time, a cylindrical workpiece can be machined smoothly from 1.5 mRmax to submicron.
In practise, magnetic-abrasive finishing will be used. [13] found that mechanical producers want to create a smooth, low-
roughness surface efficiently. Traditional finishing procedures lack surface quality and machining efficiency. Hybrid
machining technology can fix the problem. EMAF combines electrochemical machining (ECM) and magnetic abrasive
finishing (MAF). A novel tool that can adapt to two dissimilar processes has been designed, and a comparison experiment
has been undertaken to evaluate the EMAF method. EMAF improves surface quality and material removal over normal
MAF. ECM must collaborate with MAF throughout operation and remain in passivation. With the appropriate parameters,
EMAF can reduce Al 6061's surface roughness to 0.2 m from 1.3 m in minutes. [14] studied how magnetic-abrasive finishing
could improve geometrically complex products. The effect of magnetic-abrasive finishing on the surface quality of
geometrically difficult objects is highlighted, as is the experimental inquiry that led to a mathematical relation. In the range
of magnetic-abrasive finishing components under study, product edge radius changes within the range of = 26.64 m,
roughness changes within the range of Ra = 0.09.0.061 m, and micro-hardness changes within the range of Hv = 766.1505
kgf/mma2.

1. OBJECTIVES
Following are the main objectives of the research work:

A. To compare the efficacy of nano and micro sized abrasive particles on surfaceroughness of Al pipes.

B. To study the effect of working gap, abrasive particle size, and processing timeon the surface roughness and
material removal rate.

C. To select the optimum parameters for minimum surface roughness and materialremoval rate.

I1. DESIGN OF EXPERIMENTS

Markets sold aluminium and abrasive. Redesigned aluminium was cut with a power hacksaw. Weighing abrasives samples
prepared samples. The lathe was then set up and coupled with a control panel. The aluminium rod piece was put in the
lathe's three-jaw chuck and tail stock and adjusted between the magnetic poles, as illustrated in Figure 1. Then, control panel
current was set to design. Simultaneously, the Magnetized workpiece produces a flexible magnetic brush. The machine was
switched on at 420 rpm while a timer recorded the time of operation on a piece.

Flectromaan

Figure 1 Pictorial view of Set up during experimentation
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After the time period, the lathe machine and control panel were switched off, and the work piece was removed from the
chuck. Surface roughness observations were collected with a Mitutoyo Surftest SJ 210 roughness tester. Table 1 shows the
input parameters for 18 trials. So, aluminium pipe parts were tested.

Table 1 Experimentation values of Ra and MRR

Process Ra Weigh{ Weig
Abrasi | Ord ing | Worki afte t ht

ve er Tim ng Ra before finishing r before | after MRR
Particl N e Gap (pm) finishing | 7°ARa | finishin| ~ finis (g/min

e Size 0. (min | (mm) g hing )

) (um) @| (@
1. 3 2 0.185 0.138 [25.40 |(22.04 21.96| 0.0267
2. 6 2 0.181 0.132 |27.07 |[22.04 21.88| 0.0267
3. 9 2 0.184 0.149 [19.02 |22.04 21.80| 0.0267
4, 3 3 0.187 0.147 |21.30 |22.04 21.98 0.0200
5. 6 3 0.176 0.133 [24.43 |[22.04 21.92| 0.0200
Micr 6. 9 3 0.154 |17.65 |[22.04 21.86| 0.0200
0(400 | 7. 3 4 0.190 0.165 [13.15 |22.04 21.99| 0.0167
Hm) 8. 6 4 0.178 0.148 |16.85 |22.04 21.94| 0.0167
9. 9 4 0.175 0.149 (14.86 |[22.04 21.89| 0.0167
10. 3 2 0.138 0.111 |19.60 21.96 21.93| 0.0100
11. 6 2 0.132 0.118 |10.60 21.88 21.82| 0.0100
12. 9 2 0.149 0.138 7.40| 21.80 21.71] 0.0100
13. 3 3 0.147 0.108 |26.50 21.98 21.96| 0.0067
14. 6 3 0.133 0.126 5.30| 21.92 21.90| 0.0067
Na 15. 9 3 0.154 0.130 |15.60 21.86 21.83| 0.0067
no 16. 3 4 0.165 0.129 |21.80 21.99 21.98 0.0033
(40n 17. 6 4 0.148 0.136 8.10| 21.94 21.92| 0.0033
m) 18 9 4 0.149 0.139 6.70] 21.89 21.86] 0.0033
v. INPUT DESIGN

The input type design is defacto the link between the respective information kind system and the respective user. It herein
comprises of the developing the specification and those of modus operandi basically for the data in preparation and those
chosen steps which are being necessary to put in transaction of the respective data into a usable type form basically for
processing and can be defacto achieved basically by examining the considered computer primarily to read the respective
data from the written or the printed type document which it can occur by having those of people premeditating or keying
the respective data directly into the corresponding system. The whole of the design of the respective input herein focuses
on restraining the required amount of input which is essential, administering of those of errors, prohibiting in delay and
also preventing those of extra kind steps and keeping the whole of the process very in- complex. The respective input is
defacto designed in such a manner that it defacto provides or go forth with the securityand making to ease the utilisation
by retaining the privacy. Input type design which is premeditated the following types can be known herein with reading.
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V.

RESULTS AND DISCUSSION

A. EFFECT OF PARAMETERS ON SURFACE FINISH

Pipe surface polish controls friction. Surface coatings affect fluid flow in both directions. Working gap, abrasive particle

size, and processing time affected surface quality, and percent Ra (improvement in finish) was computed:

Table 2: %ARa at different parameters

Abrasive Machinin Workin Ra before Ra after

Particle Sample No. Time ) Gap ) finishing finishing 7eARa
Size (um) (Um) %ARa

1 3 2 0.185 0.138 25.4

2 6 2 0.181 0.132 27.07

3 9 2 0.184 0.149 19.02

4 3 3 0.187 0.147 21.3

Micro (400 um) 5 6 3 0.176 0.133 24.43
6 9 3 0.187 0.154 17.65

7 3 4 0.19 0.165 13.15

8 6 4 0.178 0.148 16.85

9 9 4 0.175 0.149 14.86

10 3 2 0.138 0.111 19.6

11 6 2 0.132 0.118 10.6

12 9 2 0.149 0.138 7.4

13 3 3 0.147 0.108 26.5

Nano (40nm) 14 6 3 0.133 0.126 5.3
15 9 3 0.154 0.13 15.6

16 3 4 0.165 0.129 21.8

17 6 4 0.148 0.136 8.1

18 9 4 0.149 0.139 6.7
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B. EFFECT OF PARAMETERS ON MATERIAL REMOVAL RATE (MRR)

Table 3 shows how working gap, abrasive particle size, and processing time affect Material Removal Rate (g/min):

Table 3 MRR at different parameters

'?g:ﬁs(:l\ge Sample No. | Machining Time | Working Gap \Qgef'grgt Weight after MRR
Size finishing finishing (g/min)
1 3 2 22.04 21.96 0.0267
2 6 2 22.04 21.88 0.0267
3 9 2 22.04 21.8 0.0267
4 3 3 22.04 21.98 0.02
Micro (400 pm) 5 6 3 22.04 21.92 0.02
6 9 3 22.04 21.86 0.02
7 3 4 22.04 21.99 0.0167
8 6 4 22.04 21.94 0.0167
9 9 4 22.04 21.89 0.0167
10 3 2 21.96 21.93 0.01
11 6 2 21.88 21.82 0.01
12 9 2 21.8 21.71 0.01
13 3 3 21.98 21.96 0.0067
Nano (40nm) 14 6 3 21.92 21.9 0.0067
15 9 3 21.86 21.83 0.0067
16 3 4 21.99 21.98 0.0033
17 6 4 21.94 21.92 0.0033
18 9 4 21.89 21.86 0.0033
V1. CONCLUSION

Working gap, abrasive particle size, and processing time affect Al 60 pipe. The research finds:

A
B.

[1]

[2]
3]
[4]
[5]
[6]

Working gap, abrasive particle size, and machining time affect surface finish (percent Ra) and MRR the most.
As the work gap is the most optimum parameter on surface finish and MRR, increasing it reduces the percentage
improvement of surface finish with Micro abrasives, whereas with Nano abrasives it initially grows and then
declines. Micro and Nano MRR decrease with increasing working gap.
Particle size affects surface finish and MRR.
Increasing processing time with Micro and Nano abrasives boosts surface polish initially, then drops, but MRR
hardly changes.
Surface roughness was 0.187 m before micro-finishing and 0.108 m after nano-finishing. Total surface finish
improvement (% Ra) is 42.25 percent.

REFERENCES

R.K. Singh, S. Gangwar, D.K. Singh, V.K. Pathak, A novel hybridization of artificial neural network and moth-flame optimization (ANN-MFO)
for multi-objective optimization in magnetic abrasive finishing of aluminium 6060, J. Brazilian Soc. Mech. Sci. Eng. 41 (2019).
https://doi.org/10.1007/s40430-019-1778-8.

Y. Zou, H. Xie, C. Dong, J. Wu, Study on complex micro surface finishing of alumina ceramic by the magnetic abrasive finishing process using
alternating magnetic field, Int. J. Adv. Manuf. Technol. 97 (2018) 2193-2202. https://doi.org/10.1007/s00170-018-2064-0.

Y. Gao, Y. Zhao, G. Zhang, F. Yin, H. Zhang, Modeling of material removal in magnetic abrasive finishing process with spherical magnetic
abrasive powder, Int. J. Mech. Sci. 177 (2020). https://doi.org/10.1016/j.ijmecsci.2020.105601.

R.K. Singh, S. Gangwar, D.K. Singh, Exploration of GRA based multiobjective optimization of magnetic abrasive finishing process using
simulated annealing, FME Trans. 48 (2020) 195-203. https://doi.org/10.5937/fmet2001195R.

K. Srinivas, Q. Murtaza, A.K. Aggarwal, Effect of shape of magnet on the machining of workpiece, Int. J. Recent Technol. Eng. 8 (2019) 2909-
2913. https://doi.org/10.35940/ijrte.B1367.0982S51119.

M. Mosavat, A. Rahimi, Simulation and experimental study on the effect of abrasive size, rotational speed, and machining gap during ultra-
precision polishing of monocrystalline silicon, Colloids Surfaces A Physicochem. Eng. Asp. 575 (2019) 50-56.

Copyright to IJARSET Www.ijarset.com 19464


http://www.ijarset.com/

[71
(8]
[9]
[10]
[11]
[12]
[13]

[14]

ISSN: 2350-0328
International Journal of Advanced Research in Science,
Engineering and Technology

Vol. 9, Issue 6. June 2022

https://doi.org/10.1016/j.colsurfa.2019.05.005.

Y. Gao, Y. Zhao, G. Zhang, Preparation of AI203 magnetic abrasives by gas-solid two-phase double-stage atomization and rapid solidification,
Mater. Lett. 215 (2018) 300—304. https://doi.org/10.1016/j.matlet.2017.12.124.

L. Nagdeve, K. Dhakar, H. Kumar, Development of novel finishing tool into Magnetic Abrasive Finishing process of Aluminum 6061, Mater.
Manuf. Process. 35 (2020) 1129-1134. https://doi.org/10.1080/10426914.2020.1767295.

Y. Tian, C. Shi, Z. Fan, Q. Zhou, Experimental investigations on magnetic abrasive finishing of Ti-6Al-4V using a multiple pole-tip finishing
tool, Int. J. Adv. Manuf. Technol. 106 (2020) 3071-3080. https://doi.org/10.1007/s00170-019-04871-z.

Y. Zhang, Y. Zou, Study of corrective abrasive finishing for plane surfaces using magnetic abrasive finishing processes, Nami Jishu Yu Jingmi
Gongcheng/Nanotechnology Precis. Eng. 4 (2021). https://doi.org/10.1063/10.0004961.

K. Anjaneyulu, G. Venkatesh, Surface texture improvement of magnetic and non magnetic materials using magnetic abrasive finishing process,
Proc. Inst. Mech. Eng. Part C J. Mech. Eng. Sci. 235 (2021) 4084—4096. https://doi.org/10.1177/0954406220970590.

W. Li, X. Li, S. Yang, W. Li, A newly developed media for magnetic abrasive finishing process: Material removal behavior and finishing
performance, J. Mater. Process. Technol. 260 (2018) 20—29. https://doi.org/10.1016/j.jmatprotec.2018.05.007.

S. Ahmad, R.M. Singari, R.S. Mishra, Development of Al203-SiO2 based magnetic abrasive by sintering method and its performance on Ti-
6Al-4V during magnetic abrasive finishing, Trans. Inst. Met. Finish. 99 (2021) 94-101. https://doi.org/10.1080/00202967.2021.1865644.

M. Celik, H. Giiriin, U. Caydas, EFFECT of ABRASIVE TYPE on the SURFACE ROUGHNESS and MRR in MAF of AISI 304 STEEL, Surf.
Rev. Lett. 28 (2021). https://doi.org/10.1142/S0218625X21501225.

Copyright to IJARSET Www.ijarset.com 19465


http://www.ijarset.com/

