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Abstract; The effects of process parameters on the efficient removal of burrs and cuts of TC4
titanium alloy hole, reduction of surface roughness R,, and improvement of micromorphology
were studied by using the built-in magnet to attract magnetic abrasive particles. Firstly, the
orthogonal experiment of coaxial grinding of the magnetic pole and hole was carried out.
According to the analysis of the range and variance, the effect of the magnetic pole speed, the
abrasive diameter and the filling amount of abrasive on the surface roughness R, and
micromorphology were obtained, and a better combination of process parameters was determined.
Secondly, the eccentric grinding test of magnetic poles and holes was carried out, and three-
dimensional force testing was performed on the eccentric grinding and the test data was analyzed.
The results show that:for ¢10 mm holes of TC4 titanium alloy, a radial magnetic pole of ¢6 mm
is used, the surface burrs and cuts are removed, and the surface topography is uniform and flat
after 30 minutes grinding with an eccentricity of 1 mm. Compared with the coaxial grinding, the
surface roughness R, is reduced by 13. 7% and the grinding efficiency is increased by 25. 0% .
Key words: magnetic abrasive finishing ( MAF ) ; surface roughness; orthogonal experiment;
process parameters; micromorphology
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Fig. 1 Principle of MAF process for hole
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Table 1 Parameters and levels used in experiments
K-
2%
-2 -1 0 1 2

A/(remin~') 500 1000 1500 2100 3000
B/pm 380 250 180 150 120
C/g 6 8 10 12 14
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Fig. 2 Experimental device of MAF
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Table 2 Experimental conditions for coaxial grinding

T4 TC4 %A 4> ,$10 mm x 12 mm #FL
Tt BRI, A% M FERE , 8 mm x 30 mm

HiFF E ] it 1.0 mm
JERL/ B Fe Al AL O, BeZEIE KL/ /K HEDT I R

FRHIRIGSS dUR , R TB - SE fil1 3 2 il
o I {3 A E AL IR ] %) 4 A2 o7 R 4R R,
{8, O EAE g L, Bk 3 fs.

FRAEFE 3 B4, B Origin #1422 il 3 TH0 RS
R, 58 A,B I C KR, inE 3 FiR.
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FLIRFRTARLRE B R, B2 B0 SEl /N 5 3 K 0
A B R R BRI I T IX BN 2
5 A A IS AR H U (SR ) D 32 i 583 ,
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Table 3 Orthogonal experiment data of MAF

No. A/(r-min~') B/um C/g R,/nm No. A/(r-min~') B/um C/g R,/nm

1 500 380 6 748 14 1500 150 6 740
2 500 250 8 608 15 1500 120 8 749
3 500 180 10 632 16 2100 380 12 694
4 500 150 12 739 17 2 100 250 14 590
5 500 120 14 847 18 2 100 180 6 671
6 1 000 380 8 742 19 2100 150 8 693
7 1 000 250 10 605 20 2 100 120 10 710
8 1 000 180 12 649 21 3 000 380 14 929
9 1 000 150 14 694 22 3000 250 6 823
10 1 000 120 6 708 23 3000 180 8 861
11 1 500 380 10 739 24 3000 150 10 892
12 1500 250 12 620 25 3000 120 12 977
13 1500 180 14 710
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Fig. 3 Relationship between process parameters and
surface roughness R,
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Table 5 The range analysis of experimental data
MMAE  A/(r-min~") B/pm C/g
kg A, B, G
W2 R R,=224.8 R,=149.0 R.=38.4
R A>B>C
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Table 4 Analysis of experimental data N " , L
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T, T, =3514 T, =382 T,=3690 7=18370 AB,Cy BIHBEAELHE K 2 100 r/min, R FH 12
T, T,=3398 T, =3246 T,=3653 4250 wm, T EH 10 g B A1 5 09 TC4 fL3R
T, T,=3558 T,=3523 T, =358 LS EE R, fe/)M.
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Table 6 The variance analysis of experimental data
H#E P 2277 H ¥l F1H F,
A 170 470. 4 4 42617.6 17. 639 F,,(4,12) =5.41
B 69 042. 8 4 17 260. 7 7. 144 Fyos(4,12) =3.26
o) 3830.8 4 957.7 0.396 F,,(4,12) =2.48
E 2899. 4 12 241.6
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Fig. 4 Comparison of surface roughness R, and topography of holes before and after coaxial grinding
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Table 7 Experimental conditions for eccentric grinding

2 24
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BERL/ BB Fe £ AL O, BRZ5EERL/ /K SO 1
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Fig. 5 Comparison of surface roughness R, and topography of holes before and after eccentric grinding
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Fig. 6 Measurement of cutt
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