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Abstract:-

Magnetic abrasive finishing (MAF) process, Taguchi design of experiments (DOE) is
applied to find response parameters effecting the surface layer quality by using change in
surface roughness generated. Important operating parameters effecting the surface layer
quality generated during the MAF are identified as: (1) finishing time, (2) dose (volume of
powder), (3) current (DC) applied to the electromagnet and (4) feed rate. Using response
surface methodology(RSM) the predicated mathematical model, Experimental results
show that for a change in surface roughness (ARa), feed rate and finishing time are found
to be the most significant parameters followed by dose(volume of powder) and then
current. Experiments are carried out with ferromagnetic (work piece) stainless steel 420
plate. The model sufficiency is very satisfactory as the Coefficient of Determination (R?)
is found to be 98.80% and adjusted R2-statistic (R? adj ) 97.60%.

Keywords; Response surface methodology (RSM), surface roughness, MINITAB
software ,ferromagnetic, Magnetic abrasive finishing (MAF)

1. Introduction

Advanced technology  of in high- technology industries and are
industries requires very ultraclean difficult to finish by conventional
and smooth finished surfaces for grinding and polishing techniques
their Complex and critical with high accuracy, and minimal
applications. The technology for surface defects, such as micro cracks,
super finishing needs ultra clean in order to get the higher mechanical
machining of advanced properties surfaces. A small amount
engineering materials such as of material is removed by producing
silicon nitride, tungsten carbide, a relative motion between the work
industrial diamond, and surface and abrasive particles so that
aluminum oxide which are used a mirror like surface can be obtained.
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Magnetic abrasive finishing (MAF)
process  suitable to  produce
efficiently good surface layer quality
on internal and external surfaces as
well as flat surface work piece and
complex shapes. In the machining
pressure can be controlled by the
input current. The
process can not only finish
ferromagnetic materials such as
stainless steel, but can also
smoothing effectively non-
ferromagnetic materials, ceramic,
brass, plastic and glass. The specialty
of MAF process was capability to
control the flexibility of tool,
ferromagnetic powder sealing by
magnetic field, one can control the
density and rigidity of the magnetic
brush, that help to change the
topography of magnetic flux in the
working gap [1-6]. Shinmura et
al.[7,8] studied the basic processing
principle and abrasive characteristics
of plane MAF and verified that the
MAF have the ability to achieve
precision finishing of flat surface.
Shinmura et al.[9 ] They developed
plane MAF process using high rotary
speed magnetic pole, spindle-finish
type MAF process and plane MAF
experimental equipment of coil rotary
style and coil fixed style. Jain et
al.[10,11] bhave studied the MAF
process on non-magnetic stainless
steel work piece and concluded that
the working gap and circumferential
speed are the parameters which
significantly influence the surface
roughness value, proved forces and

change in surface roughness (ARa)
increase with increase in current to
the electromagnet and decrease in the
working gap. Joshi et al.[12] analysis
of MAF of plane surfaces and
concluded that the surface

finishing may improve significantly
with an increase in the grain size,
feed rate and current .Zou et al.[13]
proposed a plane MAF process using
a constant-pressure magnetic
brush.Singh and et al[14].
investigated the most important
effective parameters on surface
quality such as applied voltage on
electric magnet, working gap, mesh
size abrasive powders and rotational
speed on stainless steel plates using
Taguchi design of experiments. They
found that applied pressure on
electric magnet and working gap as
the most effective parameters on
surface quality. Ali H. Kadhum. et al
[15] describes how Taguchi design of
experiments is applied to find out
important parameters influencing the
surface quality generated during
MAF method, there are various
parameters, such as the coil current,
working gap, the volume of powder
portion and feed rate, that are known
to have a large impact on surface
quality .Baron et al. [16] analyzed the
effectiveness of using Magnetic
Abrasive Finishing (MAF) to remove
burrs on drilled holes located on
planes. By using X-ray diffraction
analysis an electron-probe micro
analysis. The previous researchers
have concluded the main parameters
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affecting the performance of MAF
process and find out the methods
improving significantly efficiency of
MAF. However, to processing
quality, the MAF process is still
considered to be difficult to obtain
effectively few nanometer finish
surface, especially in finishing on

flat and micro complex surface work
piece made of hard materials.  This
work aims to study the influence of
operating parameters on the quality
of surface by using experimental
method then finding the
mathematical models with the
MINITAB software.

2. Experimentation

The schematic of the system used
to implement the experiments is
shown in Fig.1. The
electromagnetic inductor has
designed and manufactured using for
finishing flat surfaces with some
required modifications. The inductor
was a steel rod wrapped around a coil
of wires, magnetic force was generate
on the working gap, between pole
and work piece, the gap was filled
with powder and the current was
applied by (DC) power supply. See
Fig 1.The characteristic of inductor
are the following:

The materials of the core was low
carbon steel C15, the diameter of
copper wire was 0.9mm ,the number
of turns was N=2000 turns ,the
abrasive powder was (65%) oxide of
the iron with (35%) ilicon nitride .

Fig. 2 Show vertical milling machine

) p—

DC power supply
ol

| magnefic pole

- powder :
workpiece A 2 i magnetic table

Fig.1 Electromagnetic inductor

Fig.2 Photograph of
Abrasive Machine

Magnetic

The mechanism of MAF process
requires filling the working gap
between the electromagnetic pole
and the work piece with the
magnetic abrasive powder. The
magnetic abrasives are generated
magnetic force to form a flexible
magnetic brush. The magnetic
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force lines generated power to
apply pressure from the magnetic
abrasives to the work piece, and
the
magnetic brush became a tool for
finishing the  work piece.
Moreover, the magnetic abrasives
in the magnetic brush stick to the
work piece.When the magnetic
pole rotates with moving the work
piece relatively, the frictional
force generated from MAF
process causes the abrasives to
finish the particles of the surface
until it becomes smooth [18].
2.2 Design of Experiments

In the present study, four
input operating parameters, each
has three different levels were
chosen which are: (1) finishing
time, (2) dose (Volume of
powder), (3current and (4) feed
rate. The ranges of operating

parameters are listed in Table. 1.
Table .1 Input Parameters Values

Table .2 Constant Parameters

Parameter value
Gap 3mm
Cutting speed 250 (rpm)
Work piece stainless steel 420
e plate
Abrasives used in silicon nitride
(MAF)

Input Levels
Symbo | Leve | Leve | Leve
I 1 12 |13

Finishing | X1 5 10 | 15

time

(min)

Dose X2 3 5 7

(Volume

of

powder)

(cm®)

Current X3 15120 | 25

(Amp)

Feed rate | X4 10 | 14 | 18

(mm/min

)

Taguchi method (DOE) was used to
design the experiment with L9 (34)
orthogonal array Taguchi matrix (9
tests, 4 in depended variables, with 3

levels), Table. 3which leads to
decreases the high required number
of experiments to 9 influential
experiments [17].The  abrasive

powder used is formed from 33%Fe
(iron) and 67% (abrasive) silicon
nitride of (300um mesh size). .The
work piece plate ferromagnetic
material is grade stainless steel type
420, chemical composition its are

listed in Table. 4
Table .3 Orthogonal Array L9(34).

N | X1 X2 (X3 | X4

LR b | gl

wlwlw/ mpmim m e ==
Wk = wp| = w ke
R 2w e |k k| e
Plw rra e ww ke

=1 - =L (=
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Table. 4 Chemical composition of the
flat stainless steel 420 plat work piece
[wt. %].[ ]

Composition Ranges W%
SER. NO. 1
Element max
C 0.04
51 1.00
Mn 1.0
Cr 14.0
N1 0.05
P 0.04
Fe Balance
5 0.03

The output (response) data
measured is the change in surface
roughness (ARa) after all the
experiments was  completed,
between the mean surface
roughness (Ra) of the work piece
before and after MAF
process.Fig.3  show  surface
roughness tester (SRT-6200) used
to measure the values of Ra at
three different places at same
location in the work piece before
and after MAF taking the average
value and then we take the
difference between the two cases
from the average value of Ra
,which  is  obtained  from
27readings of Ra at different
places of the work piece .

Fig. 3 Surface Roughness Tester
(SRT-6200)

3. Results and Discussion

The output ARa, dependent
variable in regression models, while
the predictor’s factors were the
finishing time ,dose (volume of
powder), current (DC) applied to the
electromagnet and feed rate. Table.5
shows the result of experiment for
stainless steel 420 plate
ferromagnetic material.

Table .5 Results of experiments for
stainless steel 420 and distribution
parameters according to Taguchi matrix
L9

ARaE: ARa,
M X1 X2 X3 X4 pr- Calcul- Error
ement ted

15 10 0332 0338 -0.00611
20 14 0354 0.348 000538
25 18 0353 0.353% -0.00611
20 18 0371 0.367 0.00305
25 10 0.284 0276 0.00755
15 14 0253 0.255 0.00305
25 14 0252 0255 -0.00377
15 18 0316 0315 000072
20 10 0220 0.223 -0.00377

10
10
10
15
15
15

MDOCD N SO e T g
s BV L I SR B L S L
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3.1. Regression Model for Surface
Roughness (ARa for stainless steel
420 plate) Versus x1; x2; x3; x4

By using Minitab 16 statistical
software, finding the mathematical
statistical regression models for
MAF process between the surface
roughness ARa and all four
parameters are represented bellow.
The regression equation is

ARa =0.328 - 0.00703 X1 - 0.0103 X2 -
0.00600 X3 + 0.00850 X4 ..... (1)

The regression analysis of variance
(ANOVA) on to surface finish ARa for
stainless steel 420 plate, the

results of analysis were show in
Table .6

Table .6 Result of ANOVA (Analysis of
Variance) for regression also show:

N | Coefficient P Effect Inductor
0.

X | - 0.00 | significant | (p<0.05)
1 0.0070 0

X | -0.010 0.00 | significant | (p<0.1)
2 2

X [ -0.0060 | 0.36/ | Insignifica | (p>0.1)
3 6 -nt

X | +0.0085 | 0.00 | significant | (p< 0.05)
4 0

R-Sq =98.8% R-Sq(adj) =97.6%
F= 8119 P=0.000

Fig .4 show plot of normal
distribution probability for A (Ra),
the R-sq showed that 98.8% and R-

Sg(adj) = 97.6% of the observed
variable in surface roughness for
stainless steel 420 plate was
independent variable. F- Value was
high F = 8119, P-value for
regression equation was significant
effect P =0.000. The coefficients (of
output parameters) for regression are
listed in the Table .3. For these
coefficients, linear  regressions
(mathematical statistical model) for
surface roughness with stainless steel

420 plate materials could be
expressed in equation (1).
Residual plots forA Ra
Normal Probability Plot
; P— _— —_—
._"A-
4T
5 o Per cent
B 4
- ‘;JGIO 005 0000 000 0NN
Residual

Fig .4 Plot of normal distribution
probability for A (Ra)

3.1.1. The Effects of finishing
time and feed rate on the surface
roughness ARa for stainless steel
420 plate

However for the four input
operating parameters, all
coefficient of the linear regression
equation 1, analysis of variance
and main effect of process
parameters curves Fig .5 indicate
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some significant X1, X4, have a
significant effect parameters on
the surface roughness ARa . Fig.
5.(@a) it is observed that the
decreases in A(Ra) with
increases number of finishing
time Xl1from 5 to 15 min, the
influence of finishing time (X1)
that has a significant effect on
surface roughness as follow
increases in finishing time from 5
to 15 min lead to deceases in the
ARa from 0.35 to 0.27 um and
improved to the ARa 43.82%.

Fig. 5.(d) shows that the increases
in A(Ra) with increases of feed
rate X4 from 10 to 18 mm/min ,
the influence of feed rate (X4)
that has a significant effect on
surface roughness as follow
increases in feed rate X4 from 10
to 18 mm/ min lead to increases
in the ARa from 0.28 to 0. 34 um
and improved to the ARa
40.96%.

Main Effects Plot for ARa,

Oty Nsans

.
1344 L b

Fig .5 Main effect of process
parameters in A (Ra)

3.1.2. The effects of dose
(volume of powder), and
current (DC) applied to the
electromagnet on the surface
roughness ARa for stainless
steel 420 plate.

The  dose(volume  of
powder) X3 has mildly significant
effect on the ARa, compared with
finishing time and feed rate , Fig.
5(b) shows if the dose(volume of
powder) increases from 3 to 7 the
ARa
deceases from 0.33 to 0.29 um
that means improved in the
surface  roughness  14.89%.
Current  applied X4  has
insignificant effect on the ARa,
Fig .5(c) shows if the current
applied increases from 1.5 to 2.5
the ARa deceases from 0.31 to
0.30 pum that means improved in
the surface roughness 0.3%.

4. Conclusions

This  study shows the
influence of operating parameters
finishing time ,dose(volume of
powder), current (DC) applied to
the electromagnet and feed rate
.on the MAF output process.
Generate regression models for
surface roughness, by using
regression analysis of variance
(ANOVA), the influence on the
MAF process as follow:
1. The  parameters
X1, X4 (finishing time and feed
rate) has significant effects on the
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surface roughness ARa, which
improved the surface roughness
about 43.82%, 40.96%
respectively.

2. The effect of
parameter (X2,) has mild
significant on  the  surface
roughness which  improved the
surface roughness ARa about
14.89%.

3. The effect of
parameter (X3,) has insignificant
on the surface roughness ARa
which improved the surface
roughness about 0.3%.

5. References
[1] H. Kumar,S. Singh, and P.

Kumar, “Magnetic  Abrasive
Finishing- A review”,
International Journal of
Engineering Research &

Technology (IJERT), vol, Issue 3,
March 2013.

[2] Jain VK, “ Advanced
Machining Processes”.  Allied
publishers, Delhi, 2002.

[3] Yamaguchi H, and sato T, “
Polishing and Magnetic Field-
Assisted Finishing”, Intelligent
Energy Field  Manufacturing
Interdisciplinary Process
Innovations, 2012.

[4] Yu. M. Baron, “ Technology
of Abrasive Machining in a
Magnetic Field”,
Mashinostroenie, Leningrad 1975.
[5] N. K. Jain, V.K. Jain, and
S.Jha, “Parametric Optimization
of Advanced Fine Finishing

Processes”, International Journal
of  Advanced manufacturing
Technology, Vol. 34, Issue 11-12,
pp 1191-1213, November 2007.
[6] Yin. S. and ShinmuraT,
Study of Magnetic Field- Assisted
Machining Process for
Ferromagnetic Metallic
Materials”, Journal of Japan Soc.
Abrasive

Technology, Vol. 46, Issue 3, pp.
141- 145, 2002.

[7] T. Shinmura, K. Takazawa,
E. Hatano, Study on magnetic
abrasive process (Application to
plane finishing), Bull. Jpn. Soc.
Precis. Eng.19 (4) (1985) 289-
294.

[ 8] T. Shinmura, K. Takazawa,
Study on Magnetic Abrasive
finishing

(characteristics of finished
surface), Bull. Jpn. Soc. Precis.
Eng. 53 (11) (1987) 1791-1793.
[9] T.Shinmura, E.Hatano, K.
Takazawa, "The development of
magnetic abrasive finishing and
its equipment by a ratationing
magnetic" field, Bull. Jpn. Soc.
Mach. Eng.29 (258) (1986) 263
(in Japanese).

[10] D.K. Singh, V.K. Jain, V.
Raghuram, "Parametric study of
magnetic  abrasive  finishing
process”, J. Mech. Mater. Process.
Technol. 149 (2004) 22-29.

[11] S.C. Jayswal, V.K. Jain,
P.M. Dixit, "Modeling and
simulation of magnetic abrasive
finishing process”, Int. Adv.

Dr.Saheb.M .Hameed

Association of Arab Universities Journal of Engineering Sciences
NO.4 Volume.25 Year.2018



72

End

Manuf. Technol. 26 (2005) 477-
490.

[12] B. Girma, S. S. Joshi, M. V.
G. S. Raghuram, R.
Balasubramaniam,

An experimental analysis of
magnetic abrasives finishing of
plane surfaces. Mach. Sci.
Technol. 10 (3) (2006) 323-340.
[13] Y. Zou, A.Jiao, T. Aizawa,
Study on plane magnetic abrasive
finishing process (Characteristics of
finished surface), Adv. Mater.
Res.126-128 (2010) 1023-1028.
[14] Singh, D. K., Jain, V. K. and
Raghuram, V. 2004. "Parametric
Study of Magnetic Abrasive
Finishing  Process"Journal  of
Materials Processing Technology,
149(1-3), 22-29.

[15] Ali H. Kadhum , Yahya M.
Hamad Nazar , Kais M. Naif " The
Effect of Magnetic Abrasive
Finishing on the Flat Surface for

Ferromagnetic and non-
Ferromagnetic materials "  Al-
Nahrain University, College of
Engineering  Journal (NUCEJ)
Vol.18 No.1, pp.66 — 75,(2015).

[16] Y. M. Baron, S. L. Ko, and J.
I. Park,“Characterization of the
magnetic abrasive finishing method
and its application to deburring”,
Key Engineering Materials
Vols.291-292 (2005), pp. 291-296.
[17] Geeng -Wei Chang, Biing-
Hwa, and Yan, Rong-Tzong Hsu,
“Study on cylindrical magnetic
abrasive finishing using unbounded
magnetic abrasives”, International
Journal of Machine Tools &
Manufacture, VVol.42(2002), pp.
575-583.

[18] Joseph R. Davis ASM
International, Jan 1, 1994 -
“stainless steels"Technology &
Engineering - 584 pages

Dr.Saheb.M .Hameed

Association of Arab Universities Journal of Engineering Sciences
NO.4 Volume.25 Year.2018



L8

s §nd

donudalinal) ) gall Adgdd Ao haivaall dal) dulas A& Jubdal) Jal g il
= o

2aa b ala ) gisal)
3 gal) Aain 41S [ 48 o<l daala

- AadAl

Ay s oagall e el A aadii el s Baall 5ok e o Lairadl dlally oY)
chadl dh s o5 jisa)l DY) Clabee o Jpaall L85al aaal Guki
eV e adle 4e im0 il salgidl (ARQ)  dadaudl Lgdall & el aladiil
G Goxiaadl il (1) s U il o dddl Judil) julee st Qs LS o) a3
U Cpedal B ¢ Ll Jara (4) SloeSl DL (3) (Bsmae paa) 4aS (2) kil
O e (RSM) zhand) dlain dungie aladinly axaiad) jlasi¥) zdlaish (oaaly )l 23 gail
leali &3 i) (5 jaiinall gl g 00N Jane Claledd g8 mhall L5840 e 505 S
dakad) o dpnphalinall el cyjals, (Al L 5 (G smase aaa) de ja Silaladll
Qi pe oalll zisall s culS 420 s laall agdadl Yl # g Ga (Jand
(R?) Jaxall yaaill Julaa s 797.60 (R?) sl Jalaa e Jpemal) o3 Sua | 260

7.98.80

Dr.Saheb.M .Hameed Association of Arab Universities Journal of Engineering Sciences
NO.4 Volume.25 Year.2018



