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A Study on the Prediction of the Loaded Location of the Composite Laminated
Shell by Using Neural Networks

C. M. Myung, Y.S. Lee", C. H Ryu"

ABSTRACT

After impact analysis of the composite cylindrical shells was performed, obtained outputs at 9 equally divided
points of the shell were used as input patterns of the neural networks. Identification of impact loading characteristics
was predicted simultaneously. Momentum backpropagation algorithm of neural networks which can modify the
momentum coefficient and learning rate was developed and applied to identify the loading characteristics. Hidden
layers of the backpropagation increased from | layer to 3 layers and trained the loading characteristics. Developed
program with variable learning rate was converged close to real load characteristics under 1% error. Inverse
engineering which identify the impact loading characteristics can be applicable to the composite laminated
cylindrical shells with developed neural networks.
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Fig. 1 Analysis model of the composite laminated cylindrical shell.
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Table 2 Input patterns by using 9 gaging points and output patterns of the loading characteristics
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0,40 {0.00683 | 0.01933 | 0.03160 | 005531 -0,17662 | 003252 | G.0221 001170 0,00538 | 0.01216

0.05 050 10,00703 | 0.01341 [ 001455 | 0.03129] 005427 {-0.17661 0,03”51 0.02t77 | 8.01106 | 0,01300
0,860 |0.00683 | 0.01203 | 0,01032 | 0.0173& | 0.03126 | 0,06336}-0,17737 | 0.03236 | 0.02236 | 0.01664
0.70 1000624 | 000914 £,0119¢ ) D.0IS80 | 0.01797 [ 0.03025) 0,05184 |-0.17870 ) 0.03441 | 0.029M
0.80 10.00528 | 0,00550 | 0.00888 | 0.01364 | 0,01481 | 001578 | 0,02768 | 0.043271-0.17933] 0.04609
090 |0.00388 | 0.00223} 0,00331 | 000673} 0.00836 | 000947 | 0.01085| 0.02174 | 0.04280 |- 17215
0,10 |0.03884 |-1.73462 | 0.26134 | 0.15513 | 0.07519 | 0.04513 | 0.04133| 0.05125| 0.04435| 0.03066
0.20 |0,05282 | 0.80667 |-1.77524 § 0.3p207 | 0.49980 | 0.10839 | 0.06918 [ 005747 | 0.06860; O, 06839
0,30 1006242 ) 0.41629| D.58341 {-1.77152 | 0,31648 | 0.21703 | 012068 ] 0.06355) 002488 0.10216
0,40 {0.06831 | 018328 0,31602 | 055308 |-1.76618 | 032524 | 022112 0,11701} 005384 | 0.12162

Q.50 0.50 |0.07030{ 0.13410 | 0.14548 | 0,31234 | 0.54270 |-1,76608 { 0.32512| 0.21766 | 0.11061 | 0.13003
0.60 |0.06831 | 0.1203) [ 010315 017377 | 0.31260 | 053360 {-1,77370 | 0.32355| 0.22363} 0.1663%
0.70 | 0.06242 | 009145 | ©.11911 | 015802 | 0.17967 | 0.30248 | 051839 (-1.78700| 034414 0.29014
0.80 {0.05282 } 005500 0.08881 | 0J3539| 014806 | 0.15778 | 027675} 049266 |-1,79334 | 0.46087
090 10.03984 | 0.02235] 0.03918 [ 0,05733 | 0.08960 | 0.09473 | 0.106850] 0.21738 | 0,42804 | -1, 72152
010 | 0,07768 |-3.46924 | 0.50268 | 0.31027| 0.15037 | 0.09038 | 0,08266 | 010250 | 0,08871 [ ©£06133
0.20 | 0.10565 | 1.561334 |-3.55048 § 0.60413 | 0.39960 | 0.21679} 0,13836 [ 031494 | 0,13718| [, 13679
0.30 ) 0.12485 | 0,83259| 1.17882 |{-3.54304 | 0.63695 | 043418 | 0.24137| 013310 0.04876 C.20431
0.40 1013661 | 038656 ) 063205 | 110516 [-3,53236 | 065048 ] 0.44225 ) 023402 | 0.10768 | 0,24324

1.00 050 0.14061 | 026821 | 0.29096 | 0.62588 | 1.08539 {-3.53215 | 0.65024 | 0.43531 | 0.22122| ©.26007
0.60 10,13661 | 0.24062 | 0,20630 | 0.34753  0.62515 | 1.06720 | -3.54739 | 064711 | 0.44726| 0.33270
0.70 |0.12485 § 0.18289 | 0.23821 | 0.31603 | 0.35934 | 0.60497 | 1.03676{-3.57393| 068828 | 058027
0.80 |0.10565 | 0.1t000| 0.17762 | 0.27279| 0.29613 | 0.31557 | 0.65351 | 0.98531 {-3,58668 | 0.92175
090 _J0.D7768 | 004469 ] 007821 { 0.13466 ] 0,17321 ] 0.18947 ] 0.21701 | 043476 ! 0.85608 | -3 44304

Table 3 Mean and standard deviation of the output layer percentage errors

after learning

Qutput 1 Hidden Laver 2 Hidden Layer 3 Hidden Laver
Laver | No, of faver Mean STC Dey, [ No, of Laver e an STD Dev, | No, of Laver Mizan 310 Dew,
Loads 5 NA NA 5B NA N & £-5-5 NA NA
10 NA WA 10 o] 00,2406 4.4527 | 10-10-10 0.0724 239
15 NA NA 15~15 -0,0166 1.83291 15-15-15 0.0173 1.3023
20 0.35880 8.1358 20-20 02,9397 1.3344 1 20-20-20 0.0059 0.6855
2 0.0151 7.0810 25-25 —-0.0284 117301 25-25-25 Q.0012 0.5454
30 0.3293 6.2322 30-30 0.0105 1.0942 | 30-30-30 -0,0073 0.4125
Loading S NA NA 5- NA NA 5-5-5 NA NA
Point 10 NA NA 10-10 0.3351 4.8561 | 10-10-10 01817 2.3026
15 NA N& 15-1% 0.1625 1.8650 | 15-15-15 0,0388 0.8741
20 2.8388 8.1819 20-20 0.0138 1.1405§ 20-20-20 00177 0.4961
25 1.4316 71782 25-25 0.1263 1.4443 | 25-25-25 0,0187 0.3911
30 1,6350 66876 30-30 0,0068 0,7733 ] . 30-30-30 Q,0070 0,3201
Max 5 NA NA 5-5 NA MNA 5-5-5% NA NA
Disp. 10 NA NA 10-10 -2.2618 | 254542 10-10-10 -1.8767 9.5986
15 NA NA 1515 0.2731 845411 15-15-15 -0.0666 4.3474
20 0.8026 1 107417 20-20 0.0201 3.9819| 20-20-20 -0.3553 3.0494
25 1.1815 6.6624 25-25 01037 2.4863 | 25-25-25 -0,1197 22726
30 1,1497 69506 30-30 0.0571 1.4691 | 30-30-30 ~G.0551 1.5839
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