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ABSTRACT: The work aims to establish a grey correlation degree prediction model of surface roughness and residual stress

and determine the optimization scheme of micro-milling process parameters, to minimize residual stress on the basis of reducing

surface roughness. Firstly, a three-factor three-level micro-milling test was designed by BBD test method, and the surface
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roughness and residual stress of workpiece were measured. Secondly, taking the signal-to-noise ratio of surface roughness and

residual stress as performance indexes, multiple targets were converted into a single target for optimization based on grey

correlation analysis. Thirdly, on the basis of principal component analysis, a second-order regression prediction model between

grey correlation analysis (GRA) and process parameters was established. Finally, the response surface method (RSM) was used

to obtain the optimal combination of parameters. The average error of grey correlation degree prediction model was 6.9% and

the optimized results were improved by 3.91%. According to the experimental results, the optimal processing parameters were

as follows: the spindle speed of 20 000 r/min, the axial cutting depth of 60 um, and the feed speed of 285.8 mm/min. Therefore,

the grey correlation degree prediction model has good fitting degree and high reliability and accuracy, and the combination of

process parameters based on the method proposed in this paper can achieve the optimal solution of surface roughness and

residual compressive stress at the same time.
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Tab.1 Test factors and level distribution

Level n/(r'min") a,/pm ve/(mm-min~")
1 10 000 20 100
2 15 000 40 200
3 20 000 60 300

1.2 &

RS B Ra 19 & {4 ] MarSurf LD 120 3%
A AELRE R 40 BRI AN (P E S RA A, EE) ; A
X BRI AN S50 ML ( STRESSTECH OY, 2524 )
HATHRA N T o WO E . FERLBEH G 1Y 3% T 355 H
0 B = AN A R AT e T RLRE B (BORE R
56mm)ﬂlﬁ£ I TR, BCAHEAE A B s I
gL TEXT BAREAT AT, TR R AOHLRS B Ra A
532,% N HT o B4k R E M L S/N( Signal-to-Noise Ratio,
SIN) , R SECEHE . W SRS R nE 2 s,
s 0 g0 SR N T R I A REDRE B A aR
ENPA

®2 HBRSHRARMNELER

Tab.2 Arrangement of test parameters and measurement results

No. Experiment parameters SR RS
n/(r-min”") ay/pm ve/(mm-min ") Ra/pm S/N o/MPa SIN
0 0.8430 —67.1
1 20 000 40 300 0.8493 1.4184 -71.1 —37.8826
2 15000 40 200 1.0611 -0.5153 -56.3 -37.1707
3 20 000 60 200 0.8980 0.9345 —68.7 —36.7812
4 15 000 20 300 0.9910 0.0785 —67.4 —36.8771
5 10 000 40 100 0.9893 0.0931 -74.9 —37.4935
6 20 000 20 200 0.5910 4.5683 —89.2 —38.6933
7 15 000 60 100 1.0540 —0.4568 -50.9 —38.6799
8 20 000 40 100 0.9623 0.3335 -81.9 —38.1015
9 15 000 40 200 1.0623 —0.5245 —49.3 —37.1587
10 15 000 40 200 1.0605 —0.5105 —50.2 —37.2151
11 10 000 60 200 0.7310 2.7217 —83.1 —38.3972
12 15 000 40 200 1.0597 —0.5037 -53.7 —37.2068
13 15000 60 300 0.6353 3.9400 -75.9 —37.5186
14 10 000 40 300 2.0037 —6.0365 —84.6 —38.8369
15 15 000 40 200 1.0621 —0.5233 -55.4 —37.2605
16 10 000 20 200 0.9567 0.3848 =77.5 —37.8121
17 15 000 20 100 1.0987 —0.8173 —85.5 —38.2974
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Tab.3 Response weight

Principal component Eigenvalue Contribution
SR 1.1736 58.7%
RS 0.8264 41.3%
Total 2 100%
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parameters and measurement results

n vyl
Level (r~min’l) ay/pm (mm.min—l) Ra/ym  o/MPa
1 15 000 60 300 0.6353 -75.9
2 20 000 60 285.8 0.6133 -72.6
3 20 000 60 300 0.6236 -73.1
4 20 000 60 270 0.6273 -72.9
5 20 000 50 285 0.6327 -—74.2
6 19 000 60 286 0.6294 -73.0
7 19 000 50 285 0.6342 -73.8
0.9
—a— GRG of prediction

" —®— GRG of validation
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Fig.9 Actual and predicted values of verification experiment
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Fig.10 Surface morphology before and after micro-milling: a) surface morphology before micro-milling; b) optimal surface
morphology after micro-milling in section 1.2; c¢) optimal surface morphology after micro-milling in prediction
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