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Step 01: Run the experimental design Step 02: Model the surface roughness (Ra)
by location and scale estimators

The AISI 1214 steel-

turning process Mathematical

models

Step 03: Cluster Analysis
I

Step 04: PC Analysis
Extraction and storage PCs scores

Cluster 02:
'i, MAD, %HZ' SH2,
Ln} SnJ in %‘[’J S

Cluster 01:

X, S, XMLE) SMLE

Cluster 02:
PC,, PC2: 86.60%

Cluster 01:
PC,: 86.30%

2
Step 05: Apply the Ordinary Least Squares (OLS)

PCiCy = 1.596 + 0.336V, — 0.646f + 1.185a, — 0.293V% — 0.963f2 — 0.732a3 + 0.457V.f + 0.020V.a, — 0.910fa,
PCyCy = 3.711 + 0.803V, — 0.138f + 0.444a, — 1.891V2 — 1.721f2 — 1.007a — 0.603V,f — 0.225V,a, — 0.685fa,

PC,C, = 0.234 + 0.238V, — 1.023f — 0.621ay, + 0.0591V% — 0.185f2 — 0.166a3 — 0.129V,f + 0.209V.a, + 0.188
]

\

Step 06: Define the objective functions in terms Step 07: Find the Pareto optimal points and
of MMSE and optimize by NBI method choice the best solution by the Fuzzy
F) = MMSE{ (x) — 3.823 Decision Maker

f(x) — 16.314 — 3.823
_ _ MMSE% (x) —3.189 g0 | MMSET - Cluster 02"MMSE - Cluster 01
209 =570 - 3.189

55

Solution:

V. =1273.853 m/min,
£, = 0.084 mm/rev
d=0.581 mm

50

45

40

Step 8: Execute the confirmation runs and >

choice the best pair of estimators 30

Fig. 5. Development of research methodology.

Table 5
Values obtained for R, in the modeling by estimators.
x S x MAD X2 SH2 HL, Sn Qn Xz Sz XMLE SMLE
1.356 0.923 0.927 0.241 1.192 0.600 1.163 0.282 0.342 0.865 0.306 1.681 0.708
1.648 1.049 1.193 0.668 1.562 0.983 1.496 0.730 0.849 1.189 0.781 1.903 0.890
1.782 0.664 1.740 0.549 1.695 0.514 1.710 0.514 0.550 1.643 0.507 1.881 0.597
1.839 0.643 1.703 0.534 1.792 0.611 1.783 0.682 0.591 1.670 0.559 1.904 0.574
2.220 2.377 1.460 0.266 1.602 0.447 1.534 0.254 0.322 1.417 0.315 3.234 1.593
2.199 1.833 1.455 0.469 1.832 1.086 1.558 0.514 0.614 1.347 0.557 2.620 1.338
1.817 0.431 1.681 0.173 1.728 0.201 1.728 0.158 0.174 1.678 0.184 1.941 0.305
2.235 1.223 1.643 0.115 1.892 0.534 1.704 0.110 0.134 1.628 0.140 2.624 0.822
1.897 1.131 1.465 0.316 1.558 0.411 1.528 0.405 0.402 1.435 0.349 2.290 0.897
2.079 1.406 1.630 0.680 1.759 0.812 1.697 0.777 0.809 1.526 0.728 2.446 1.212
1.846 0.925 1.670 0.607 1.745 0.781 1.707 0.875 1.004 1.616 0.687 1.880 0.844
1.847 0.566 1.721 0.340 1.754 0.370 1.731 0.325 0.351 1.682 0.347 1.945 0.441
1.680 0.586 1.470 0.502 1.680 0.664 1.717 0.674 0.437 1.496 0.600 1.725 0.501
2.301 1.142 2.276 1.245 2.160 0.910 2.047 1.266 1.038 2.098 1.016 2.454 0.904
2.319 1.521 2.118 1.115 2.040 0.870 0.542 1.098 1.077 1.934 0.936 2.852 1.251
2.233 1.433 2.075 1.129 1.986 0.884 2.007 1.148 1.070 1.882 0.949 2.533 1.061
2.257 1.442 2.236 1.505 2.058 1.076 2.071 1.453 1.115 1.979 1.216 2.443 1.158
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Fig. 6. Hierarchical clustering analysis.
Table 6
Scores of relevant principal components.
k Cluster 01 Cluster 02
PC, PC, PC,
1
1 —2.165 —3.969 2.381 £ [mm/revl
2 —-1.035 —-0.337 2.435
3 —1.654 —0.579 —0.661
4 —1.589 —0.059 —0.578
5 3.836 —2.350 —-0.321 5 e
6 2.154 -0.319 1.117 ST
7 -2.185 ~2.399 ~2.067 rce 0 ,;’/ZZ!’,’.'.',
8 0.855 ~2.082 ~1.693 T
9 —0.076 —-2.114 —-0.174 o //’
10 1.138 0.543 0.597 R '
11 -0.930 0.808 0.522 I 2 Pl : i
Ve [m/min] E 0 £
12 -1.797 ~1.417 —1.478 pr— ‘
13 —2.223 —0.743 0.154
14 0.799 4176 ~1.001 Fig. 8. Response surfaces of PC;C, built in terms of process parameters.
15 2.184 2.836 1.081
16 1.303 3.192 —-0.310
17 1.384 4.813 —0.003
Eigenvalue (\) 3.4524 6.1707 1.6246 ol
Proportion 0.8630 0.6860 0.1810 O SSSS=
Cumulative 0.8630 0.6860 0.8660 TRRRRRNR
pPc2 c2 C “
4 3
-1
) .“§§§$§\ £ [mm/rev] 1 1 Ve [m/min]
N
me” SRR
25 RIS W\
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Fig. 7. Response surfaces of PC;C; built in terms of process parameters.
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Fig. 9. Response surfaces of PC,C, built in terms of process parameters.

differences of magnitude between the selected optimal points for R,
using the fuzzy NBI-MMSE approach.

At a confidence level of 95%, the one-sample t-test was conducted to
confirm whether the optimal value obtained for surface roughness
through the proposed optimization algorithm falls within the
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Table 9
Optimized values of the R, modeled data.

w Location and scale estimators

x x XH2 HL, Xz XMLE s MAD SH2 Sn Qn Sz SMLE
0.00 1.721 1.171 1.337 1.298 1.126 2.273 1.372 0.172 0.429 0.238 0.302 0.235 1.022
0.05 1.705 1.170 1.337 1.299 1.123 2.230 1.319 0.179 0.436 0.241 0.296 0.240 0.990
0.10 1.690 1.172 1.340 1.302 1.122 2.185 1.265 0.191 0.448 0.247 0.295 0.248 0.956
0.15 1.675 1.176 1.346 1.307 1.124 2.138 1.210 0.205 0.463 0.259 0.297 0.260 0.922
0.20 1.659 1.180 1.353 1.314 1.127 2.089 1.155 0.223 0.481 0.274 0.302 0.274 0.887
0.25 1.643 1.185 1.361 1.322 1.131 2.039 1.101 0.243 0.501 0.294 0.310 0.291 0.852
0.30 1.627 1.189 1.369 1.330 1.135 1.989 1.048 0.264 0.523 0.317 0.321 0.310 0.817
0.35 1.609 1.192 1.377 1.339 1.139 1.939 0.997 0.286 0.546 0.341 0.333 0.331 0.782
0.40 1.591 1.194 1.385 1.347 1.142 1.891 0.948 0.308 0.569 0.368 0.348 0.352 0.749
0.45 1.573 1.194 1.392 1.356 1.144 1.843 0.901 0.330 0.591 0.395 0.364 0.374 0.716
0.50 1.554 1.192 1.399 1.364 1.146 1.797 0.855 0.352 0.613 0.422 0.381 0.396 0.685
0.55 1.536 1.191 1.405 1.373 1.149 1.752 0.811 0.373 0.634 0.450 0.401 0.418 0.655
0.60 1.519 1.191 1.413 1.382 1.153 1.709 0.768 0.394 0.654 0.477 0.422 0.441 0.626
0.65 1.503 1.192 1.421 1.393 1.159 1.668 0.726 0.416 0.673 0.506 0.445 0.466 0.598
0.70 1.489 1.196 1.431 1.406 1.167 1.630 0.686 0.439 0.692 0.535 0.469 0.491 0.572
0.75 1.478 1.202 1.443 1.421 1.177 1.596 0.648 0.464 0.711 0.566 0.495 0.518 0.548
0.80 1.470 1.211 1.456 1.437 1.190 1.565 0.612 0.490 0.730 0.597 0.522 0.547 0.527
0.85 1.465 1.221 1.471 1.455 1.204 1.539 0.580 0.517 0.748 0.629 0.551 0.576 0.509
0.90 1.462 1.233 1.486 1.473 1.220 1.518 0.553 0.543 0.765 0.661 0.580 0.605 0.495
0.95 1.461 1.244 1.501 1.491 1.235 1.502 0.533 0.569 0.782 0.692 0.612 0.635 0.487
1.00 1.464 1.254 1.515 1.508 1.249 1.494 0.521 0.592 0.799 0.720 0.645 0.663 0.486

Note: Values in bold represent the optimal point obtained through the fuzzy DM.

1o ol | oo — Table 10
\\\ [ Confirmation run means for fuzzy NBI-MMSE method at w = 0.95 for AISI
N i 12L14 turning.
0.8 N
\ n ¢ 30mm - ¢ 50 mm — ¢ 30 mm — ¢ 50 mm —
‘-\_\ VB = 0.0 VB = 0.0 VB = 0.3 VB = 0.3
\
0.6 \ 1 1.184 0.858 1.378 1.683
o \ 2 0997 0.905 1.450 1.677
g 3 0.808 0.764 1.654 1.783
a 4 1178 0.851 1.585 1.777
0.4 5 1.005 1.010 1.494 1.982
0.2 Assumptions 58’0
« 0.05 60 +
StDev 0.533

Alternative =

o | N =t wp MMMMAM Ay
Difference 20 ”/JVWV V V'V‘ V‘V VV V'HVVVVVVV VVVVVV

Fig. 12. Sample size calculation for confirmation runs (power = 80%; a = 5%;
o = 0.533 min). 6.0
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Fig. 14. Profile measure of worst condition (higher R,) for diameter = 50 mm
and VB = 0.3 mm.

(a) (b)
Fig. 13. AISI 12114 turning microscope for VB of (a) ~0.0 mm and (b) ~0.3 mm.
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Fig. 19. Profile measure of optimal setup.
ga.o Measured Profile
5.0
30 A 1) /
39 - | R ]
PP | N | O Y LYY A T lJ’\l\ul\ll!"l L]
i VA AN
WV VY VY VYV VY PV
-3.0 v
*000 05 1.0 15 20
[mm]

Fig. 20. Profile measure of setup of comparison (center point).
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7. Conclusion

Fig. 21. Distance between peaks for the optimal setup (f=0.084 mm/rev).

contextualization of PCA to determine the process parameter setups
that are capable of reducing the surface roughness dispersion along

In this paper, the use of robust estimators to model the surface with multivariate optimization techniques. Accordingly, a novel algo-
roughness of an AISI 12L14 steel turning process was presented. The rithm considering objective functions in terms of the MMSE values,
main contribution of this paper consists of the application and which were optimized through the NBI method, was proposed to obtain

15



J.H. Daroz Gaudéncio et al.

Precision Engineering xxx (Xxxx) XXX-XXX

1.278 pm
Fig. 22. Distance between peaks for the setup of comparison (f=0.100 mm/rev).
Table 14
Chemical composition of AISI 12L.14.
%C %Si %Mn %P %S %Cr %Ni %Cu %Al %Mo %Pb %N
0.090 0.030 1.240 0.046 0.273 0.150 0.080 0.260 0.001 0.020 0.280 0.0079

Fig. 23. Chemical elements in AISI 12114 steel.
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a feasible solution represented by a Pareto frontier. Consequently, an-
other contribution is defining the Pareto optimal point by using fuzzy
DM reinforced by the 95% confidence ellipses of the estimators' models
for confirmation runs.

Therefore, taking into account all the discussions presented in the

proposed steps, we can conclude the following:

Noise conditions intrinsic in the turning process provide the non-
normality of the data (not stationary), thus providing variation with
extreme points. This scenario emphasizes the use of robust estima-
tors to model the data.

Optimization of the surface roughness centrality and dispersion
models was done by using the NBI method, thus assuring convex
frontiers and equispaced optimal points.

The MMSE minimizes all the original responses simultaneously with
their respective targets expressed in terms of principal components
to obtain a solution that considers the best of all estimators.

With the fuzzy DM algorithm, it is possible to define the best process
input parameters as V, = 273.853 [m/min], f=0.084 [mm/rev],
and d = 0.583 [mm].

Experimental confirmation runs were able to obtain the optimum
output values defined by the algorithm.

The 95% confidence ellipses considering the data obtained through
the confirmation runs define which pair of estimators performs best
models the experimental data under noise conditions. It was de-
termined that Model B (which comprises the nonparametric



