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ABSTRACT: The work aims to improve the surface quality of TC4 materials by magnetic abrasive finishing, establish the
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relationship between processing parameters and roughness by BP neural network, and find the optimal combination of process
parameters by genetic algorithm. The diamond magnetic abrasive prepared by gas-solid two-phase double-stage atomization and
rapid solidification was used to perform Lq(3*) orthogonal test on TC4 material workpiece. BP neural network with the structure
of 4-12-1 was established by Matlab software. BP was trained according to orthogonal test results to explore the relationship
between the spindle speed n, working gap J, feed rate v, abrasive size D and roughness Ra. The BP neural network training
results were evaluated by coefficient of determination R*. Based on the trained BP neutral networks, genetic algorithms were
used to globally optimize process parameters. The calculated optimized process parameters were used to conduct experiment
and measure surface roughness and then compare such roughness with the calculated roughness Ra. The prediction error of BP
neural network was less than 1.5%, the model optimized by coefficient of determination R* could make effective and reliable
prediction under the condition of fewer samples. The results of genetic algorithm optimization: the optimum roughness was
0.0951 pum at spindle speed of 1021.26 r/min, machining gap of 1.52 mm, feed rate of 1.04 mm/min, and abrasive size of
197.91 pm. The adjusted process parameters were: spindle speed of 1020 r/min, machining gap of 1.50 mm, feed rate of 1.0
mm/min and abrasive size of 196 um. The test roughness was 0.093 um, and the error from the calculated optimal surface

roughness was 2.21%. The combination of magnetic abrasive finishing and optimization parameters can effectively improve the

surface quality of TC4 material after processing.
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Fig.1 SEM of diamond magnetic abrasive
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Tab.1 TC4 factor level

Spindle Working Feed rate Abr.aswe
Level speed ap S/mm. v/ L size
a/(r-mint) &P vimmmin=)
800 1.5 1.0 196
2 1200 2.0 2.0 155
3 1600 2.5 3.0 101
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Tab.2 Results of orthogonal test

Experi- Spindle Working Feed rate Abrasive Rough-
ment speed gap v/(mm- size ness
number n/(rmin”') §/mm  min™") D/um  Ra/um
1 800 1.5 1.0 101 0.191
2 800 2.0 2.0 155 0.154
3 800 2.5 3.0 196 0.176
4 1200 1.5 2.0 196 0.104
5 1200 2.0 3.0 101 0.175
6 1200 2.5 1.0 155 0.159
7 1600 1.5 3.0 155 0.171
8 1600 2.0 1.0 196 0.129
9 1600 2.5 2.0 101 0.183
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Tab.3 Model training error

Number of
neurons

Error  0.0849 0.0834 0.0931 0.0934 0.0929 0.0944

4 5 6 7 8

Number of
neurons

Error  0.0929 0.0887 0.0923 0.0484 0.0931

10 11 12 13
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Fig.2 Structure of BP neural network
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Tab.4 Comparison of predicted data with real data of test sample

Spindle speed ~ Working gap Feed rate

Abrasive size

Real data Predicted data

0,
Number = t-min™") S/mm v/(mm-min ") D/um Ra/um Ra/um Error 41%
1 1200 2.0 3.0 100 0.1750 0.1730 1.15
2 1200 1.5 2.0 200 0.1040 0.1054 139
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Tab.5 Optimization scope of input variables
' Spindle Working Feed rate Abr.aswe
Object speed gap y L size
n/(r-min”") Shmm V/(mmmin®) D/um
Range [800,1600] [1.5,2.5] [1.0,3.0] [100,200]
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Tab.6 Test of optimization result

Number Spindle speed ~ Working gap Feed rate Abrasive size Real data Predicted data Error
n/(r-min”") o/mm v/(mm-min™") D/pm Ra/pm Ra/pm A4/%
1 1020 1.5 1.0 195 0.093 0.0951 2.21
2 1020 1.5 1.0 195 0.093 0.0951 2.21
1020 1.5 1.0 195 0.094 0.0951 1.16
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Fig.5 Surface roughness of TC4 material before and after magnetic abrasive finishing: (a) before finishing; (b)after finishing
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Fig.6 SEM surface topography of TC4 before and after magnetic abrasive finishing:
(a) before magnetic finishing; (b) after magnetic finishing
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Fig.7 Effect of TC4 material before and after magnetic
abrasive finishing: (a) before finishing; (b) after finishing
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