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Tool Geometry Optimization and Magnetic Abrasive Polishing
for Non-ferrous Material

Sang-Oh Kim', Man-Hee You', Jae-Seob Kwak*

JI Abstract I

The magnetic abrasive polishing (MAP) process is used to achieve the nano-meter grade polishing results on flat
or complicated surface. In previous study, polishing the stainless steel plate which is a non-magneto-material was
tried. To polish non-magneto-materials using the MAP process was very difficult because the process was
fundamentally possible by the help of a magnetic force. Therefore, it had lower efficiency than magneto-materials
such as SM45C. In this study, optimization for tool geometry of the MAP was performed to improve the magnetic
force between tool and workpiece. Moreover, a permanent magnet was installed below the non-magneto-material to
improve the magnetic force. And then the design of experiments was carried out to evaluate the effect of the MAP

parameters on the polishing results.

Key Words : Magnetic abrasive polishing(<}7|$11p), Design of experimental method(41 & A 8] ), Magnetic density flux(RM&4152),

Magnetic force(%}7])

2

=

1. M

A7 dnbge 71ze) dubiis e e e
A4 7 AMgto] Aokt 4ol ojuf A8 EE
FE A4 Ao uA] AuIAE §EAT B U

Hr ol me

* RAAZ, BAYsR 714 F8a (jskwak5@pknu, ac kr)

Fr 608-73974T FF §F AF 10047
+ FHdstn ey

313

zatsto] ALY A7)l AR gekea
Q13 ZaE pRAtold)] Hel4 dee AE T, 39
Ao o8] AnrAL Sast® A3 319 A
g} 7 Qo] Qb Mol o8] A4 2rieo] o5
A7) fuo A1) Al7le A7 dute] 5} vfs-
YA BAS Ak A d7E Eale] AR T3



42 . guH - AT

FHA47 @ MRR(Metal Removal Rate)©]
Tl___‘ ﬁ% ol 3 4 YAk ey Al act
i A7) LB A AR 2] ot
£0] AT AATS B ¥ 4 Aok webA
FolAE Aot FAe) FR9 FHE Apolo] 1
—6}5 AEUES AHSHt7] TR ALUE Aole] B
AS AgAYH S B3l faaLdME s, o] At
& uiRo s AAE 3ot YAtAE 28sted A7 A
718 SAi3k AlFth ot S oA v e AE U
g A(SUS3164 =)0l izt A7 nt

=48 el
2. Zp|cinle] o2 HiA
2.1 xp7|%iot

A7) Aubiel 71 718 Ao Fig 16 tehfdl
o Fig. 19 20] A4e] 29& 43 7 2% ARE ¥
7hstd d2idlo]o] ¥i2|(Faraday’s law)o| 3} #7]€0]
WS Qg B 370 BT 32 Aolo] 2+
32 330 2 37000 B4R Aok S Sgste] B
QAF YA A gAet ArpelAE 94 vieR T
TE UNE Seie Yol BT WA A7) &
7t AT ARUAE 4 " dnks et 3
Z-zAte)] AP AREEZ(Chain-like structure) =2
AEEw Agdzte] EE Qleto] Anp Y= AR
£ Ajolol] YA, oA ARTFEE B YNELS
AL AE HEA 98 sPan”

2.2 Xp7|%Hote| EAR=DL ofluix|

A4S 1Y 2t of el 2]
ATl A7ge 48

A
a0l @

£ et 2, A5l 477

Servi tor T -
Y0 motor Motor drive

= Jeoe
| coo

) Power supply
Magnetic abrasive Table controller

‘Workpiece
[ X - ¥ table ©O0 O 0

Fig. 1 Configuration of magnetic abrasive polishing
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Fig. 3 Modeling and mesh condition (normal condition)

Fig. 4 Analysis boundary conditions
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Table 1 Analysis conditions

Items Conditions
Node 99981
Element 61805
Mesh size 0.003mm
Current 2A
Mesh type Tetra + Hex mesh
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Fig. 5 Maximum magnetic flux density

Fig. 6 Maximum force and torque
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Table 2 Parameter range of MAP tool

Name Initial value | Upper bound | Lower bound
DS _thinel 12.004 14.404 9.6029
DS _lenthl 23.414 28.097 18.731

Table 3 Analysis results for DOE

Factor Result
NOI5s thinel |DS_lenthl o | i,
1 12.004 23.414 0.023373 0.0021643
2 9.6029 23414 0.027743 0.0034478
3 14.404 23.414 0.019798 0.0013728
4 12.004 18.731 0.023009 0.0020973
5 12.004 28.097 0.023662 0.0022072
6 9.6029 18.731 0.027248 0.0033073
7 14.404 18.731 0.019519 0.0013327
8 9.6029 28.097 0.028211 0.0035402
9 14.404 28.097 0.019957 0.0013998
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Fig. 8 Response surface model for analysis results
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Fig. 9 Sensitivity for each parameter

Table 4 Goal for geometry optimization

Parameter Desired Value | Importance
DS._thinel bfu;a;(l":ﬂa) Higher
DS_lenthl b?ﬂia;(llg”;;) Higher
Force/’[r‘z;;s:ol\xﬁxjmum Mpzzf;])lll;n Higher

Table 5 Optimized parameter values

Ttems Conditions
DS _thinel 9.6053
DS _lenthl 18.736
Maximum flux density 0.027245(T)
Maximum force/torque 0.0033065
a2 F7-9 Adolzt Zol A 4 & HHUIRZA 19
BT Hojmyg o & Ao Table 49 7o} o)
ALUES 7R 2AA 39 A4 Aozt 23 4
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BRG] w}2 23 A7E Table 50 Ueligict. At
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Table 6 Experimental conditions

Items Conditions
Traverse speed 9m/min
The number of machining 40th
Workpiece SUS316
Workpiece size 35%25*12mm
Coolant Continuance

Table 7 Factors and levels used in experiment

Si Fact it Lovel
ign actors uni . 5 3
A | Rotational speed | rpm | 900 | 1200 | 1500
. Mainetlf: flux . 5 79 0
ensity (EA) | (5EA) | (TEA)
(permanent magnet)

C Current A 1.5 2.0 2.5
D Working gap mm | 1.0 1.5 2.0
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Fig. 10 Schematic of experimental method

Table 8 Orthogonal amay table for Ly (3%)

No. Factor
A B C D
1 900 52 1.5 1.0
2 200 79 2.0 L5
3 9060 82 25 2.0
4 1200 52 20 2.0
5 1200 79 2.5 1.0
6 1200 82 1.5 1.5
7 1500 52 2.5 15
8 1500 79 1.5 2.0
9 1500 82 2.0 1.0
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Table 9 Experimental results and S/N ratios

No.| Before After Difference | S/N ratio
1 041 034 0.06 -24.437
2 0.33 0.28 0.05 -26.0206
3 0.34 027 0.07 -23.098
4 0.38 0.32 0.06 -24.437
5 0.33 0.30 0.03 -30.4576
6 0.42 0.37 0.07 -23.098
7 045 0.37 0.08 -21.9382
8 041 0.36 0.05 -26.0206
9 0.45 0.39 0.06 -24.437
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Fig. 11 Influence of factors on the surface roughness
improvement (Ra)
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Table 10 ANOVA for each factor

SS DOF v Fo
A 5.817367 2.908683 | 8.861202
B 30.82273 2 1541137 | 4695019
C 0.656499 0.328249
D 12.00838 2 6.004191 | 18.29156
E 0.656499 2 0.328249
Total | 37.2966 8
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Fig, 12 TEM image of SUS316 before and after MAP
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