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Optimization Experiment of Acoustic Assisted Shear Thickening Polishing
of Cylindrical Surface
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( Ultra-precision Machining Center, Zhejiang University of Technology, Hangzhou 310014, China)

ABSTRACT: Objective To obtain the optimal parameters in the acoustic assisted shear thickening polishing ( ASTP) process of
bearing steelcylindrical surface. Methods The Taguchi method was used to analyze and optimize the parameters such as acoustic
frequency, acoustic power and acoustic waveform which would influence the material removed rate (MRR) and the surface rough-
ness (Ra). The optimized parameters were gained taking MRR and Ra as the evaluation indexes, and multi-group experiments were
carried out to verify the reliability of the results under the optimized ASTP conditions and the surface morphology of the processed
workpieces was investigated by the test methods including metallurgical microscopy and optical profilometry. Results When the MRR

was used as the evaluation index, acoustic frequency was the most significant influencing factor, followed by acoustic power and then
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acoustic waveform. While Ra was used as the index, acoustic waveform was the most significant influencing factor, followed by acous-

tic frequency and acoustic power. Conclusion Based on the analysis results, MRR reached the highest value of 11.32 wm/h under

the conditions of 20 Hz acoustic frequency, 25 W acoustic power and sine wave acoustic waveform. The surface quality of the work-

piece was the best under the conditions of 60 Hz acoustic frequency, 25 W acoustic power and sine wave acoustic waveform, and the

surface roughness Ra was reduced rapidly from 100 nm to 4.48 nm after 1 hour processing and the lowest roughness was 4.48 nm.

KEY WORDS:: acoustic assistance; shear thickening polishing; Taguchi method; cylindrical surface; frequency; power; waveform
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Fig. 1 Material removal mechanism of ASTP process
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SCES R T RN GCrlS R B B AR T, RSH R
$20 mmx30 mm, TAFW] 4 F THAKEE Ra = (100+10)
nm, EREIINT AT  BERL2E TN AL O, , B Rk
NS o, BR800 30% , 7 A4 Sl
420,40 60 Hz, 75 D253 514 15 .25 35 W, 75 I %
TR IR 5205 = f ik, T80 500 v/ min, il
St R 60 1/ min, B ILHEAFE] K 60 min,

16 ASTP BN T AR5 o 2% 8 P AR (A) |
FIETIF(B) R IEIE (C) 3 AR M R R X bR &
B3 A S 55 T HEURE B RO S ), A TR R 3 K
- RRAE O B L3O ERIERS R (W),
IH 9 8,

AR S 6 5 43 B A5 e HE (S/N) R E S Bk Ay
PRk, ARYE 07k PR 25 A R M RE R R R 19

TR ST, S/N HEAR AR (1) ;31BN
R R RS BRI, 3 TS/ NRRE (S 80, S/N
HHEAXNA(2) .

*1 HAOZXWERZFR
Tab. 1 Orthogonal table of the Taguchi method

SEE BiR/He  IR/W B RAKE
1 20 15 IEB% % 1

2 20 25 =i 2
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4 40 15 = 3

5 40 25 T 1
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8 60 25 1EBZ Y 3
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Tab. 2 The test results of MRR and S/N value

- B B (- b ) S/N
FF

H, H, H, H, H; Hy /dB

1 10.31 7.31 8.21 9.65 8.43 7.97 18.56
2 8.53 9.54 9.46 9.61 7.81 8.76 18.96
3 6.92 8.84 7.57 8.41 7.56 8.17 17.88
4 7.43 6.18 7.79 7.03 7.34 8.42 17.22
5 8.56 7.20 6.58 7.31 6.58 7.73 17.19
6 6.59 6.64 7.15 7.63 7.44 6.89 16.93
7 7.06 7.25 6.80 7.17 5.91 6.87 6.64
8 8.94 8.24 8.21 7.90 8.32 8.12 18.35
9 5.24 7.99 7.97 5.92 5.41 5.48 15.64
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Tab.3 The test results of Ra and S/N value

s RIAHLAERE/nm S/N

R Ra, Ra, Ray Ra, Ras; Rag /dB
1 9 8 7 13 12 8 -19.78
2 8 10 12 9 10 8 -19.65
3 110 11 12 9 13 -20.89
4 6 13 14 10 13 10 -21.08
5 7 9 110 -19.17
6 9 6 100 9 -18.51
7 9 8 7 8 11 12 -19.40
8 7 8 6 7 9  -17.05
9 0 9 10 10 9 6 -19.19
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Fig. 3 Plots of S/N ratio of each parameter level on MRR: a) frequency, b) power, ¢) waveform
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Fig. 4 Plots of S/N ratio of each parameter level on Ra: a) frequency, b) power, ¢) waveform
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Tab.4 ANOVA results of MRR

DOF Ss SS/%
A (A 2 3.78 33
B(FHETIR) 2 3.30 28
C(REEIE) 2 4.23 36
D(RAHEE) 2 0.36 3
it 8 11.67 100
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Tab.5 ANOVA results of Ra

DOF SS SS/%
A (A 2 4.43 50
B(FHETIR) 2 2.74 31
C(REIEIE) 2 0.96 11
D(RAHEE) 2 0.71 8
Bt 8 8.84 100
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Fig. 5 Surface morphology of the workpiece before and after pro-

cessing( 100x)
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Fig. 6 Surface roughness of the processed workpiece; a) surface

date, b) 3-dimensional interactive display
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