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Prediction of the Loading Characteristics by Neural Networks Using
Structural Analysis of Composite Cylindrical Shells
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Abstract

The predictions of the loading characteristics was performed by the neural networks which use the results
through structural analysis. The momentum backpropagtion which can be modified the learning rate and momentum
coefficient, was developed. Input patterns of the neural networks are the 9 strains which positioned at the side of
the shell and output layers is the loading characteristics. Hidden layers were increased from 1 layer to 3 layers.
Developed program which were trained by 9 strains predict the loading characteristics under 0.5%. Inverse
engineering can be applicable to the composite laminated cylindrical shells with developed neural networks.
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Table 1 Natural Frequencies of the Composite Shell

Modes 1* Mode 2" Mode 3* Mode
Frequency 1,206Hz 1,590Hz 2.103Hz

Fig. 2 1 Mode Shape of the Composite Shell
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Fig. 3 Response Shape at L/5 Location under 4,450N
Loading

Fig. 4 Response Shape at L/2 Location under 4,450N
Loading
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Fig. 5 Response Shape at 4L/5 Location under
4,450N Loading
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Fig. 6 Model of Neural Networks for Identification
of Loads Characteristics by the Side Strain

Step 1. Initialize Weights and Counter
v,w=Small Random Value'
p = Number of Training Value
k=1, E=0

Step 2. Set Learning Rate
a= 0’ E max

Step 3. For Each Training Pattern Pair
Do Step 4.-8. Until k=p

Step 4. Compute Output by Using Bipolar Sigmoid
NET, = x,v]

1— ¢ MET.
z= f(NET) = 11 e T
NET, = zw'

1= T

y=f(NET))=——=F
’ 1+e

Step 5. Compute Qutput Error

1
E:E(dk—yk)2+E

Step 6. Compute Error Signal
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Step 7. Update Weights
w =W+ At =t +ad 2
M =vE AV =0 o x*
W =wt + AW = wf +ad 2t

=i AV =0t +ob x*

Step 8. Increase Counter and Check Nier Goto
Step 3.
k=k+1
If k=N, Then A=0.5A,0 =0.5¢

iter

Step 9. Test Stop Condition
If E<E,  Then Stop Else
E=0 Goto Step 3.
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Table 2 Input Patterns by Using 9 Gaging Points and Qutput Patterns of the Loading

Charact

eristics

Loads
(X8900)
(N)

Impact
Piint
(X/L)

Disp
Max.

Maximum Principal Strain

(x100)

(w/R) SG1

SG2

SG3

SG4

SG5

SG6

SG7

SG8

3G9

0.05

0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90

0.00624| 0.041

0.00388|-0.17346
0.00528| 0.08067

0.00683 0.01933
0.00703| 0.01941
0.00683| 0.01203
0.00624| 0.00914
0.00528| 0.00550
0.00388 0.00223

0.02513| 0.01551
-0.17752| 0.03021

63| 0.05894|-0.17715

0.03160| 0.05531
0.01455| 0.03129
0.01032| 0.01738
0.01191} 0.01580
0.00888| 0.01364
0.00391| 0.00673

0.00752
0.01998
0.03185
-0.17662
0.05427
0.03126
0.01797
0.01481
0.00896

0.00452
0.01084
0.02171
0.03252
0.17661
0.05336
0.03025
0.01578
0.00947

0.00413
0.00692
0.01207
0.02211
0.03251
-0.17737
0.05184
0.02768
0.01085

0.00513
0.00575
0.00696
0.01170
0.02177
0.03236
-0.17870
0.04927
0.02174

0.00444
0.00686
0.00249
0.00538
0.01106
0.02236
0.03441
-0.17933
0.04280

0.00307
0.00684
0.01022
0.01216
0.01300
0.01664
0.02901
0.04609
-0.17215

0.50

0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90

0.06242| 0.091

0.03884(-1.73462
0.05282| 0.80667
0.06242| 0.41629
0.06731| 0.19328
0.07030{ 0.13410
0.06831| 0.12031

0.05282| 0.05500
0.03884| 0.02235

0.25134} 0.15513
-1.77524| 0.30207
0.58941|-1.77152
0.31602] 0.55308
0.14548| 0.31294
0.10315| 0.17377

45| 0.11911 0.15802

0.08881| 0.13639
0.03910| 0.06733

0.07519
0.19980
0.31848
-1.76618
0.54270
0.31260
0.17967
0.14806
0.08960

0.04519
0.10838
0.21709
0.32524
-1.76608
0.53360
0.30248
0.15778
0.09473

0.04133
0.06918
0.12068
0.22112
0.32512
-1.77370
0.51839
0.27675
0.10850

0.05125
0.05747
0.06955
0.11701
0.21766
0.32355
-1.78700
0.49266
0.21738

0.04436
0.06860
0.02488
0.05384
0.11061
0.22363
0.34414
-1.79334
0.42804

0.03066
0.06739
0.10216
0.12162
0.13003
0.16635
0.29014
0.46087
-1.72152

1.00

0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90

0.07768|-3.46924
0.10565{ 1.61334
0.12485| 0.83259
0.13661| 0.38656
0.14061| 0.26821
0.13661| 0.24062
0.12485| 0.18289
0.10565| 0.11000
0.07768| 0.04469

0.50267| 0.31027
-3.55048| 0.60413
1.17882|-3.54304
0.63205| 1.10616
0.29096| 0.62588
0.20630| 0.34753
0.23821; 0.31603
0.17762| 0.27279
0.07821] 0.13466

0.15037
0.39960
0.63695
-3.53236
1.08539
0.62519
0.35934
0.29613

0.197921

0.09038
0.21679
0.43418
0.65048
-3.53215
1.06720
0.60497
0.31557
0.18947

0.08266
0.13836
0.24137
0.44225
0.65024
-3.54739
1.03678
0.55351

0.21701

0.10250
0.11494
0.13910
0.23402
0.43531
0.64711
-3.57399
0.98531

0.43476

0.08871
0.13719
0.04976
0.10768
0.22122
0.44726
0.68828
-3.58668

0.85608

0.06133
0.13679
0.20431
0.24324
0.26007
0.33270
0.58027
0.92175
-3.44304

Table 3 Mean and Standard Deviation of the Output Layer Percentage Errors After Learning

Outpu

1 Hidden Layer

2 Hidden Layer

3 Hidden Layer

Layer | No. of Layer| Mean

STD Dev.

No. of Layer

Mean

STD Dev.

No. of Layer

Mean

STD Dev.

Loads

5
10
15
20

Na
0.4112
0.2407
0.0864

NA
8.7897
9.2029
8.6260

5-5
10-10
15-15
20-20

0.9804
0.1118
0.0774
0.1151

6.4820
2.0286
1.7258
1.6432

5,
0-10-10
15-15-15
20-20-20

5-5

1.9880
0.0095
0.0016
0.0193

9.1764
1.3613
0.7919
0.8602

Loading
Point

5
10
15
20

NA
1.1030
1.5447
0.9790

NA
5.9843
9.20043
4.3962

55
10-10
15-15
20-20

0.3864
0.1305
-0.0170
0.0141

5.2559
1.7309
1.0737
0.9197

5_
10-10-10
20-20-20

5-5

0.2418
0.0603
0.0092
0.0036

2.8368
0.8354
0.4386
0.3194

Max.
Disp.

5
10

NA
2.4471
2.3923
2.4804

NA
7.2660
7.6510
8.5975

5-5
10-10
15-15
20-20

4.0860
1.7354
1.4200
1.6716

10.9099
5.5846
4.7488
5.2837

5_
10-10-10
15-15-15
20-20-20

5-5

1.4280
1.3647
1.3944
1.1152

5.2475
4.9198
4.7879
4.1841
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