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Quantitative study between mechanical properties and
processing parameters for 7005Al alloys predicted
using PLS-BPN method
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Abstract: The mechanical properties of 7005 Al alloys were qualitatively analyzed by partial least squares(PLS) method
and quantitatively calculated by using back propagation artificial neural network(BPN) with the same processing
parameters as features. The calculated results are in agreement with experimental ones basically. In order to solve the
overfitting problem, a novel method hybridizing PLS and BPN to forecast the mechanical properties of the alloys was
proposed and tested. PLS method can compute the scores for the principal components according to the sorts of
components and thus compress the input data for BPN with linear arithmetic. The forecasting performances were
compared with each other by using leave-one-cross-validation(LOOCV) among three models, i.e. the hybrid
model(PLS-BPN), BPN model and PLS model. The root mean squared error (RMSE) and the mean absolute relative
error (MRE) of PLS-BPN are the lowest. Consequently, the hybrid model is more suitable to forecast the mechanical
properties of the alloys.
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Table 1 Comparison of BPN and PLS—BPN models predicted data with experimental data of 7005 Al alloy

Classification of

No. tempensture/  vlociy  Quenching  Agingtime M cna/MPa "B multiobjection
C (m'min”) pe (155 C)h Exp. Cal. Exp. Cal. Exp. Cal Exp. Cal.

1 460 1 2 16 325 322 240 236 87 88 2 2.00
2 460 1 1 16 315 313 220 213 85 86 2 1.94
3 460 5 2 16 305 312 200 214 85 86 2 2.00
4 460 3 1 16 285 297 169 186 78 81 2 1.99
5 480 1 2 16 310 312 225 233 85 85 2 2.00
6 480 1 1 16 295 299 215 220 82 82 2 1.98
7 480 3 2 16 310 305 235 220 84 84 2 2.00
8 480 5 2 16 300 298 215 204 85 83 2 2.00
9 500 1 2 16 305 300 220 225 83 82 2 2.00
10 500 1 1 16 290 301 295 282 82 84 2 1.99
11 500 3 2 16 285 293 205 207 79 81 2 2.00
12 500 5 1 16 290 283 220 230 82 80 2 2.00
13 460 1 2 4 345 345 245 245 97 97 1 1.00
14 460 1 1 4 345 350 235 245 97 94 1 1.00
15 460 5 2 4 350 338 220 224 96 101 1 1.00
16 460 3 1 4 370 363 220 211 102 93 1 1.00
17 480 1 2 4 330 338 230 242 91 92 1 1.05
18 480 1 1 4 335 330 230 240 93 91 1 1.00
19 480 3 2 4 325 334 230 230 91 93 2 1.95
20 500 5 1 4 325 310 220 222 90 87 2 2.00
21 460 1 2 8 345 336 260 241 94 92 1 1.00
22 460 1 1 8 345 336 255 239 93 93 1 1.00
23 460 5 2 8 340 333 235 222 95 92 1 1.03
24 460 3 1 8 345 346 220 210 97 96 1 1.01
25 480 1 1 8 310 315 225 231 85 87 2 1.98
26 500 5 1 8 300 296 220 228 82 83 2 2.00
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Fig.1 Distribution of mechanical properties and multiobjection calculated by using PLS: (a) Distribution of oy, ® : 6,=330 MPa,
O: 06,<<330 MPa; (b) Distribution of 6y ,, ®: 65,=225 MPa, O: 6y,<<225 MPa; (c) Distribution of HB, ®: HB=90, O: HB<<90;
(d) Distribution of multiobjection, ® : 6,=330 MPa, ¢,,=>220 MPa, HB=90, O: Others
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Table 2 Comparison of predicted and fitting error for BPN
and PLS—-BPN models by using leave-one-cross-validation

(LOOCYV) under different hidden knots(k)

BPN PLS-BPN
g SSEP SSE SSEP SSE
3 0.474 0.451 0.459 0.457
4 0.469 0.376 0.408 0.401
5 0.432 0.289 0.391 0.359
6 0.463 0.242 0.436 0.314
7 0.452 0.190 0.422 0.276
8 0.457 0.156 0.451 0.250
9 0.467 0.131 0.464 0.217
10 0.480 0.107 0.459 0.183
15 0.526 0.053 0.522 0.098
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Table 3 RMSE and MRE for three models predicted by using leave-one-cross-validation(LOOCV)

Oy 0p2 HB
Method
RMSE MRE/% RMSE MRE/% RMSE MRE/%
PLS 12.163 5 2.9930 23.98717 7.300 2 34530 29178
BPN(£=5) 9.674 1 22978 19.008 2 5.058 9 2.759 8 24539
PLS-BPN(4=5) 8.9223 2.142 1 15.499 7 44365 2.168 4 1.890 4
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Fig.2 Ultimate tensile stress(op)and hardness for PLS, BPN and PLS-BPN models predicted by using leave-one-cross-validation

(LOOCYV): (a) Ultimate

tensile stress (o0y,); (b) Hardness

F 4 WHOLRCRIPI S0 PLS A1 BPN FidR e

Table 4  Values predicted by PLS and BP models for center of optimal and worse samples
No. tenifet;:tslll(r):/ C Exw?;?gi?lf)mty/ Quenching type l?lg;I;g Ctl)l/l;le o,/MPa 002/MPa HB
27 460 1 1 4 335 229 96
28 480 3 2 16 317 232 87
29 460.15 1.04 1 7.94 342 246 95
30 459.36 0.98 2 7.88 345 257 94
31 458.79 1.10 1 8.09 341 252 94

No.27 and No.28 mean center of optimal and worse samples are predicted by partial least squares(PLS) model, respectively; No.29,

No.30 and No.31(square in Fig.4) mean optimal samples are predicted by PLS model. Quenching type: 1 means water-quenching; 2

means wind-quenching.
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