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Abstract: In this paper, we propose an ultrasonic magnetic abrasive polishing (US-MAP) technique to effectively
machine a high-strength material, and we prove the efficiency of hybrid finishing. We use Taguchi's experimental
method to determine the influence of each parameter. Based on the results, US-MAP exhibited a higher polishing
efficiency than traditional MAP, and a suitable frequency for hybrid finishing was 28 kHz. When investigating the effect
of the parameters on the surface roughness, the ultrasonic amplitude had the greatest effect. However, when machining
with 55-pm amplitude, the machining efficiency decreased as the magnetic flux density varied.
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Table 1 Experimental conditions for US-MAP

Items Conditions
Workpiece SKDI11
Tool diameter 16mm
Working time 20min
. . GC(8 ym) + Fe(78 (m
Magnetic abrasives + hsliferll oil((2005st))
Mixing r.atio . 291
(GC : Fe : Mineral oil) T
Magnetic flux density 20, 40, 60mT
Spindle speed 400, 600, 800rpm
Frequency of ultrasonic 16, 28, 40kHz
Amplitude 11, 34, 55 ym
Working gap Imm
Feed rate 10, 15, 20mm/min

BLDC motor

Power
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Fig. 5 Measured amplitude for input voltage of 30, 70,
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Fig. 6 Influence of magnetic flux density and amplitude

Al e S

d

4.2 o=
A oA Feox A
erolr 7] $]8to] 28kHz o F3+E A}
At FulgrollA AE A Ao A <
30, 70, 120V & W3] AZES SA5Y
=4 A&¥ Y= Mitutoyo ARl SV-2000
AREstelar, X% S 9= o 200um o th.
Fig. 5 & 4= dstel 2+2t 30, 70, 120V & w9
SAE BHY IEE 583 ZoR gl

r
<L, offt
_>,i
1o
™

oo i
[
oX,

[e;

o
-/
1

32 EQ
)
L
™o v
tlo s o ot o

31

Su
N
o
3
;%
> o
(98]
.h
W
(9,
=
%=
.,
% (E

mlo o
>
~

2t A A

0.20

Spindle speed
400rpm
XX 600rpm
800rpm

0.15 -

0.05 -

Surface roughness, Ra (um)

0.00

10 15 20

Feed rate (mm/min)

Fig. 7 Influence of spindle speed and feed rate of tool

Fig. 6 & A&HHEe} 259 A&
W EHEAAYE e 74011:} el 11, 34um

A o, AELETE SUHES ke § R
C

il

VIV EE s 98 ¢ v = A

llpm ¢ WX} 34um & wjo] ¥HAZAY] &

WO we AL ¢ % ok e 7
3

Ssum A, EHAHT ] FFo]l A9 fle
e 4 gtk ol 2yt HZo] A
Antd Aol &gk 7hgghEle] zokA] Tha ol
st Azl % A7) An} 7S
SHAl wo] 9 %}47@ Wyl Ao Zlow
Hr}

w
f o ofN N W e o2 i N

foS N gl O o O

rlo
to
o
I&ﬂ

TTY I HEES} o]FELETF xHAI Y] T
A= GEs dotry] Yot Y FHHAEE
olF$&EE ZHZF 400, 600, 800rpm I 10, 15,

Ommimin ©.2 WAL A 2AEE 14
sod @@% R =
Fig. 7 & & 79 3d&HE} o ’\f?Ei E‘iﬂ/\]
o, ERALE Lheha Aotk wol
7} 800rpm ©]al, °o]F&E7} 20mm/m1n o
AAH7 e FFAETE MY B o=
o, BT o SEEs) AR 27
5

= '
ERALY) FIAE ol AL

b to

o © 2 ol
-

S
LU e B

5. A SEETt

E ATdMs 2Eo-ATIAR STEE el A
7] AAE0l EUAAAY] Fdel A= IF
= %7}8 1 %6}04 N?‘ﬂ?ﬂﬁﬂd% 01%8}21914,
A



APASR A% 2eh RokE A ArkhE e S 927
Table 2 Factors and levels used in experiment 20
Factors Level 18
1 2 3
Magnetic flux density, A (mT) | 20 40 60 2
2 o6k
Amplitude, B () 1| 34 |55 H ._/' e
Spindle speed, C (rpm) 400 | 600 | 800 z )
Feed rate, D (mm/min) 10 15 20 @
12t
Table 3 Orthogonal array table for Lo(3)
Factors 10 1 1 1 1 1 1 1 1 1 1 1 1
No. Al A2 A3 Bl B2 B3 Cl C2 C3 DI D2 D3
1 2) ﬁ 45):0 FO US-MAP hybrid process factors
) 20 34 600 15 Fig. 8 Influence of US-MAP process factors
3 20 55 800 20 70
4 40 11 600 20 A: Magnetic flux density
5 40 34 800 10 60 B: Amplitude
6 40 55 400 15 §= ipi';dle speed
7 60 11 800 15 sor : Feed rate
8 60 34 400 20 g w0l
9 60 55 600 10 %
E30f
Table 4 Experimental results and S/N ratio = 20 L
N Surface roughness S/N ratio(dB ol
® | after US-MAP, R, (/m) ratio(dB)
1 0.193 14.289 0
A B c
2 0.156 16.138 Factors
3 0.261 11.667 . o
4 0154 16.250 Fig. 9 Contribution of each factor
5 0.122 18.273
6 0.272 11.309 Table 3> Ao AL8H Ly3Y T+ Humjdx
7 0.131 17.655 E Yetdl Ao =Z 4709 do 2 A= ujx]s}
8 0.112 19.016 3 Age o7b 0o 38 W AAsgh
2 0243 12.28% Table 4= 2% F S48 EAALY] @3t SN

Table 5 Result table of S/N ratio for each factor

Level
1 2 3
A [14.03 |15.28 |16.32 2.29
S/N |B |16.06 [17.81 |11.75 6.05
C
D

Difference | Total

10.02

ratio 14.87 | 14.89 |15.86 0.99
14.95 |15.03 |15.64 0.69
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Table 6 Analysis of variance for US-MAP factors

DOF SS % F,
A 2 0.00256 | 0.00128 | 11.67*
B 2 0.02728 | 0.01364 | 123.64%*
C 2 0.00067 | 0.00033 3.05
D ) | (0.00022) | (0.00011)

Error | 2 0.00022 | 0.00011

Total | 8 0.03074
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