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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. Lec”, C. H Ry

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 1 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

Loads | Impact Disp Maximum Principal Strain

(x8900)| Point Max, (x100)

(N) 0 whR) SGi SG2 $G3 SG4 SG5 SG6 sSG7 SG8 SG9
0,10 {0,00388 |-0.17346 | 0,02513 | 0,01551 | 0.00752 | 0.00452 | 0.00413| 0.00513 | 0.00444 | 0,00307
0,20 |0,00528 | 0.08067 |-0,17752 | 0,0302i | 0.81998 | 0.01084 | 0.00692 | 0.00575; 0.00686 | 0.00684
0,30 [0.00624 | 0.04163 | 0.05884 [-0,17715| 0.03185 { 0.02171 | 0.01207 | 0.00696 [ 0,00249| 0.,01022
0,40 [0,00683 | 0.01933| 0.03160 | 0.05531 |-0,17662 | 0.03252 | 0.02211 | 0.01170| 0.00538 | 0.01216

0.05 0.50 |0.00703 | 0.01341] 0.01455 | 0.03129 | 0,05427 |-0.17661 | 0.0325% [ 0.02177| 0.01106 | 0.01300
0.60 |0.00683 { 001203 | 0.01032 | 0.01738| 0.03126 | 0.05336 | -0,17737 | 0.03236  0.02236 [ 0.01664
0.70 |0,00624 | 0.00914 | 0.01191 | 0.01580 | 0.01797 | 0.03025{ 0.05184 [-0.17870  0.03441 [ 0,02301
0.80 |0,00528 | 0,00550| 0.00888 | 0.01364 | 0,01481 | 0.01578 | 0.02768 | 0.04827|-0.17933 [ 0,04609
0,90 {0.00388 | 0.00223| 0.00391 | 0.00673{ 0.00836 | 0.00947 | 0.01085| 0.02174 | 004280 |-0.17215
0.10 |0.,03884 |-1.73462 | 0,26134 | 0.15513 | 0.07519 | 0.04519 | 0.04133 | 0.05125; 0.04435 | 0.03066
0,20 [0.,05282 | 06.80667 [-1,77524 | ©,30207 | 0.19980 | 0.10833 | 0.06918 1 0.05747 | 0,06860 | G,06839
0.30 |o0.05242 | 0.41629| 0.58941 |-1,77152 | 0.31848 | 0.21709 | 0.12068 | 0.06955| 0.02488 [ 0.102i6
0,40 |[0.06831 ] 0.19328 ] 0,31602 | 0.55308 |-1.76618 | 0.32524 [ 0.22112| 0,11701| 0,05384 | 0.12162

0.50 0,50 |[0,07030 | 0.13410 | 0.14548 | 0,31294 | 0.54270 |-1,76608 | 0.32512 | 0,21766 | 6,11061 ] 0.13003
0.60 {0,06831 | 0.12031| 010315 0.17377 | 0.31260 | 0.53360 | -1,77370 | 0.32355| 0,22363 | 0,16635
0,70 |0.06242 | 0.08145| 011911 | 0,15802 | 0.17967 | 0.30248 | 0.51838 |-1.78700 | 0.34414 [ 0.29014
0,80 |0.,05282 | 06.05500 | 0.08881 | 0,13639 | 0.14806 { 0.15778 | 0.27675| 0.49266 [-1,79334 | 0,46087
0.80 |0.03884 | 0.02235| 0.03910 | 0.06733 | 0.08960 | 0.69473 | 0.10850} 021738 | 0.42804 [ -1.72152
0.10 |Dp,07768 |-3.46924 | 0,50268 | 0.31027 | 0.15037 | 0,09038 | 0.08266 | 0.10250 ( 0,08871 | 0.06133
0,20 1010565 | 1,61334 |-3.55048 | 0,60413| 0,39960 | 0.21679 | 0.13836 | 0.11494} 0,13719] 0.13679
0,30 [0,12485 | 0,83259 | 1,17882 |-3,54304 | 0,63695 | 0,43418 | 0,24137| 0.13810| 004976 | 0,20431
0.40 |0,13661 | 0.38656 | 0,63205 | 1,10616 |-3,63236 | 0.65048 | 0.44225| 0.23402 | 0.10768 [ 0,24324

1.00 0.50 |[0,14081 | 0.26821 | 0,29096 | 0.62588 | 1,08539 |-3,53215| 0.65024 { 0.43531 | 0.22122| 0.26007
0.60 [0,13661 | 0,24062] 0,20630 | 0,34753 | 0.62619 | 1,06720 | -3.54739 | 0.64711 | 0.44726 | 0,33270
0,70 |0,12485 | 0,18289 | 0.23821 | 0.31603 | 0.35334 | 0.60497| 1.03678 |-3,567399 | 0.68828 | 0.58027
0,80 |0,10565| 0.11000| 0.17762 | 0,27279| 0.29613 | 0,31557 | 0.55351 | 0.98531 {-3.58668 | 0.92175
0,90 [0.07768 | 0.04469| 0.07821 | 0,13466] 0.17921 | 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 Layer 2 Hidden Laser 3 Hidden Layer
Layer | No, of Laver Mean STD Dev, | No, of L ayer Mean STD Dev. | No. of Laver Mean STD Dev,
Loads 5 NA NA 5-5 NA NA 5-5-5 NA NA
10 NA NA 10-10 0.2406 4.4527{ 10~10-10 0.0724 23718
15 NA NA 15-15 -0.0166 1.8329] 15-15-15 0.0173 1.3023
20 0.3880 8.1358 20-20 0.0397 1.3344 | 20-20-20 0,0059 0.6855
25 0.0151 7.0810 25-25 -0.0284 11730} 25-25-25 0.0012 0.5454
30 0.32%8 6.2322 30-30 0.0105 1.0942 | 30-30-30 —0.0073 04125
Loading 5 NA NA 5-5 NA NA 5-6-5 NA NA
Point 10 NA NA 10-10 0,3851 4.8561 | 10-10-10 0.1817 23026
15 NA NA 15-15 0.1625 1.6650| 15~15-15 0.0388 0.8741
20 2.8888 91818 20-20 0.0138 1.1405] 20-20-20 0.0177 0.4961
25 1.4916 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 Q0,0070 0.3201
Max, 5 NA NA 5-5 NA NA 5-5-5 NA NA
Disp. 10 NA NA 10-10 ~2,2618 | 25.4542| 10-10-10 -1.8767 9.56886
15 NA NA 15~15 0.2731 8.4541| 15-15-15 ~0.0666 4.3474
20 0.8026 | 107417 20-20 0.0201 3.9819| 20-20-20 -0.3553 3.0494
25 1.1815 6.6624 25-25 00,1037 2.4869| 25-25-25 ~0,1197 22726
30 1.1497 6,9506 30-30 0.0571 1.4691 | 30-30-30 —0,0851 1.5839
=3 & AL, &YFo] 24d W 7 243 aAE 25744,
eyZ le A As 74 2459 QAFE Y LYo 3Md W 24F 248 1SR FHEE A
Hgshd AZFFo] FAHA gobA ol AHsigen, o wFAsich ol xY AANEYe FAL A
Z evEe] 2457t 107 ol AL Fgel 4T  FHAEFY FFAAY F22 wolUR FMeEs &
stk eAREL 1%l E REHRR, eAWAE 1%+ Ak
A=A SGEHAT
245 g e P A= 4 249F9 L4575
A A$E 954 NAYELoE Ad g Ashst 5.4 2
Ao 2939 457 4SS ged AYEE A
& ZIl6t9 3, SARFEE 0.5%0lUR LAAXAE 0.5%7 F48%d O3 BFAs 4849 F2IHHE F9F
A ARErt FMEE € F I Z, 94549 29 1058 9AFY HEE HHEARE 4
eyzo 247} 2142 59 AREE AL Z7 BAROZ AMEE3, FHNE EAES AL 4§
st oABE 1%, XM 1% ALE G&5ANE B4 & backpropagation A B H 2 ol AF ATE £
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