Journal of Modern Processes in Manufacturing amd &ation, Vol. 4, No. 3, Summer 2015

| nvestigation of M agnetic Abrasive Finishing on Inner Surface of AL
6061 Tube

Hamzeh Shahrajabian’’, Masoud Farahnakian®, Seyed Alireza M ousavi', Hasan Soltani*
'Department of Mechanical Engineering, Islamic Akadversity, Najafabad Branch, Najafabad, Iran
"Email of corresponding author: h.shahrajabian@puo.iac.ir
Received:October 5, 201Accepted: November 18, 2015

Abstract

In magnetic abrasive finishing (MAF), abrasive ggas a tool move on surface and can remove
chip from surface of work piece. In this study AQ& tube was considered as the work piece and
the effect of finishing parameters such as gapadcs between tube and poles, rotational speed of
tube, abrasive ration and finishing time on surfemeghness was investigated. The mixture of
ferromagnetic grits (Fe) and A); grains was considered as the abrasives. The rekalved
increasing in rotational speed, finishing time aatasive grains up to certain value decreases
surface roughness and increasing in air gap inesesisrface roughness.
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1. Introduction

A lot of production processes affect the surfacgprties which per se can have a significant effect
on the parts functions during working. For polighthe workpieces that have form limitations such
as free-form surfaces and the curves which canedinished with traditional finishing methods
like grinding and etc, non-traditional machiningex@ the cutting process is aided by a secondary
source were introduced. In order to overcome tlpgeblems, some researchers proposed that a
magnetic abrasive polishing process is one poteptitishing technique for 3D microcurved
surfaces because its tool (magnetic brush) isldlexin navigation on the surface profile of the
workpiece [1-3].

In Figure 1, the MAF process to finish the intersaiface of the tube is illustrated. This process i
based on the magnetic field and the magnetic alergmrticles (MAPs). Figurel shows the two-
dimensional magnetic field distribution in the wiorixk zone. The magnetic forces affect the
ferromagnetic particles (FP) at position “A” outsithe working gap as follows [4, 5]:
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Where x is the direction of the line of magnetiact y is the direction of the magnetic
equipotential lineXy, is susceptibility of the FRy, is permeability of vacuunV is volume of the

FP. AlsoH is the magnetic field strength at point “A”, aa#i/ox and 6H/oy are gradients of
magnetic field strength in theandy directions, respectively.
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From Egs.1 and 2, it is obvious that the magnetices ofF, andF, are proportional to both the
susceptibility and the volume of FP, the magnettdfstrength and its gradient. The magnetic
forces were represented in Egs.1 and 2 not onlgerdrate the FP in the working gap where
magnetic field strength is superior, but also pntvihe FP from splashing due to workpiece
rotation. The abrasive particles (AP) do the priynautting and ferromagnetic particles are
responsible for the required pressure on abrasviicles. Accordingly, the FP motion behavior has
an important effect on the finishing operation.
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Figurel. MAF schematic of finishing the cylindensarnal surfaces

As shown in Figurel, penetrating force pushes A#® surface and tangential force leads to
pressure and push it forward that separates a smll part of surface like micro-chip. This
phenomenon is repeated by other APs, which leadsdtace peaks of surface roughness, gradually.
Shinmura proposed Plane Magnetic Abrasive PolisRiragess in which the magnetic pole rotates
at a high speed and the workpiece is fed [6—9].aAf%0] also developed a polishing process to
keep a magnetic pole standing in the normal dwacéigainst the machined surface using a 5-axis
machining center. Kim [11] developed a twostage me&ig polishing of a curved surface using an
abrasive  wheel and a magnetic brush. Natsume [12]eveloped the
same method to polish grooves of stainless steamaguch et al. [13] developed an internal
magnetic abrasive finishing for nonferromagnetimptex shaped tubes. Wang and Hu [14] studied
on the inner surface finishing of medical tubesey produced the tube by surface roughness (R
under 0.3 um.

The aim of this this research is to characterieedtfiects of air gap, rotational speed, abrasiate r
and finishing time on surface roughness of AL6Q@ietworkpiece.
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2. Experimental work

2.2 Materials and instruments

The AL6061 was used as workpiece in this study. difemical composition of this alloy presented

in Table 1 The outer diameter and thickness of tali mm and 5 mm respectively. The AL6061

tube can be seen in Figure 1. Before experimenvak vihe surface roughness on inner surface of
workpiece was measured. The surface roughnessnpedséy the parameter Ra. The surface
roughness instrument (MarSurf M300C (Mahr, Germdnag been shown in Figure 2.

Tablel. Chemical composition of Al 6061
Al Ti Zn Cr Mg Mn Cu Fe Si

reset 0.15 0.25 0.04-0.35 0.8-1.2 0.15 0.15-0.4 0.7 0.4-0.8

Figure2. The tool used for surface roughness meawmt

The unbounded magnetic abrasive particles are imst#te working gap. The mixture of Ab; as
abrasive and Fe grits as ferromagnetic particlebenweight ratio of 50:50, 75:25 and 25:75 were
used. The mesh size of particles is presentedbieTa

Table2. The mesh size of particles

Powder Mesh size
Al,O; abrasives 800
Fe grit 120-180

2.2 Experimental Setup
The used experimental apparatus has been showigstBFand 4. Figure 3 shows the aluminum
fixture to hold the poles. Four permanent polesiwitre fixed in the inner surface of fixture. The
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angle between poles is 90 degree. The fixture neauon lath machine support and workpiece was
chucked on spindle. Figure 4 shows that the tubkpuece is entered into fixture, so the poles

surround the outer surface of tube, and tube csateroBefore starting the process, magnetic
abrasives (the mixture of ferromagnetic grits angOA abrasives) introduced into the tube, and

then attracted by magnetic field of poles. The nesignfield pushes the abrasives on the inner
surface of tube. Rotation of the tube workpiecesealthe relative movement of abrasives against
the inner surface, and result to remove chips fiteeninner surface of tube.

Fixture

Poles

Figure4. Setup of magnetic abrasive finishing ofinsurface

In this work, four variables such as working gapational speed, the ratio of Fe grits to.@d
abrasives and polishing time were considered. Tam wbjective is determination of the effect of
these parameters on surface roughness of tubee Batiows the levels of these parameters.
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Table3. The level of parameters

Parameter Levels
Air gap (mm) 0.5 1 15 2
Rotational speed (RPM) 355 500 750 1000
Particles ratio (ferromagnetic grits to,8k abrasives) 1to3 lto1l 3tol
Finishing time (min) 5 12 20

3. Results and discussion

3.1 The effect of air gap on the surface roughness

As regards the power of magnetic field of polesasstant, the magnetic flux (number of field lines
per area) decreases by increasing of the distaogegdole to tube. By decreasing the magnetic flux,
the force on abrasives decreases, and as a festihishing efficiency decreases. In practicehia

air gap more than 2 mm, fishing is very low. Figéreshows the effect of air gap on surface
roughness of inner surface of tube. According ie filgure, surface roughness increases by air gap.
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Figure5. The effect of Fe powder on surface roughne

3.2 The effect of abrasive ratio on the surfacegfmess

By increasing the abrasive particles, the numbepanticipating particles in finishing process
increases, and therefore the surface quality besamigorm, and improves. As regards the power
of magnetic field is constant, excessive abrasaiges is not allowed. The figure 6 shows the
effect of the ratio of Fe grits to alumina partgldy increasing the ratio from 25% to 50%, the
surface roughness decreases. In ratio of 25% ntloeiat of ALOs particles is high, so the magnetic
field cannot apply the enough force to abrasiveiglas, but in ratio of 50% the amount of 8k
particles decreased, and therefore the magnetid éan be effective. The surface roughness
increases by ratio percent from 50 to 100 dueeathount of abrasive particles is not sufficient.
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Figure6. The effect of Fe powder on surface roughne

3.3 The effect of rotational speed and finishimggtion the surface roughness

Figure 7 shows the effect of rotational speed afasa roughness in three times of finishing. As
shown in Figure, surface roughness decreases bgasiag the finishing time. More finishing time
resulting to more contact time of the abrasives wodkpiece, and therefore abrasives have more
time to reduce the roughness of surface. The éffieg of surface roughness between times of 5
min and 12 min is more than 12 min and 20 min. Tiusan conclude that further increases in time
have no significant effect on surface roughness.
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Figure7. The effect of rotational speed on surfacghness in three times of finishing

According to the Figure 7, it can be seen thatdinace roughness decreases by increasing the
rotational speed up to 750 r.p.m. The reason foh subehavior of this parameter can be expressed
that when the workpiece rotational speed is in@@athe contact length of abrasive particles with
workpiece is increased, and surface roughness deaged. But with increasing the workpiece
rotational speed more than 750 r.p.m, the magfatte (contrary to tangential direction workpiece
rotational motion) will be less than the cuttingistance (tangential direction of the workpiece
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rotational motion). This causes the ferromagnetctiges throwing begins from on the inner
surface and decreases the imposed pressure obrtsava particles.

4. Conclusion
The results obtained in this research can be suinedbas follows:

1. Increasing the working gap from 0.5 mm to 2 mm, theface roughness increases.
Regarding the conditions of the experiments, th& bmooth surface was obtained as 0.5
mm in the working gap.

2. Increasing the ratio of Fe grits t0,8k abrasives from 25% to 50%, the surface roughness
decreases. The further increase the ratio of Fes ¢pi abrasives increases the surface
roughness.

3. Increasing the finishing time from 5 min to 20 mthe surface roughness decreases. The
further increase the finishing time has no sigaificeffect on surface roughness.

4. Increasing the workpiece rotational speed up to 7H0m, the surface roughness is
improved. From this speed forward an appropriateshiing is not done and the obtained
smooth surface is not as well as the lower rotatispeeds
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