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ABSTRACT: Piecewise Integrated Composite (PIC) is a new concept to design composite structures of multiple
stacking angles both for in-plane direction and through the thickness direction in order to improve stiffness and
strength. In the present study, PIC beam was suggested based on 3D training data instead of 2D data, which did offer
a limited behavior of beam characteristics, with enhancing the stiffness accompanied by reduced tip deformation.
Generally training data were observed from the designated reference finite elements, and preliminary FE analysis was
conducted with respect to regularly distributed reference elements. Also triaxiality values for each element were
obtained in order to categorize the loading state, ie. tensile, compressive or shear. The main FE analysis was
conducted to predict the mechanical characteristics of the PIC beam.
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Fig. 1. Machine learning flow chart
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Fig. 2. Configuration of FE model

Table 1. Material properties of T700/2510

Density p 1520 kg/m®
Modulus in 1-direction E, 125 GPa
Modulus in 2-direction E, 8.41 GPa
Shear modulus G, 4.23 GPa
Major Poisson's ratio v,, 0.309
Strength in x-direction, tension X, 2.172 GPa
Strength in y-direction, tension Y, 44.3 MPa
Strength in x-direction, compression X_|  1.448 GPa
Strength in y-direction, compression Y, 199 MPa
Shear strength S 154 MPa
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Table 2. Training accuracy by k

K Dis Accuracy (%)
Top Bottom Right Left
2D 96.3 95.4 81.9 80.6
3 3D(p=1) 96.7 95.7 82.1 79.5
3D(p=2) 96.7 95.7 81.9 80.5
3D(p=3) 96.7 94.9 81.9 80.5
2D 97.1 95.9 82.1 78.6
p 3D(p=1) 97.6 96.2 82.1 76.8
3D(p=2) 96.5 95.9 82.1 79.5
3D(p=3) 96.5 95.9 81.9 79.8
2D 97.8 95.9 80.8 78.1
g 3D(p=1) 97.3 96.2 79.2 77.6
3D(p=2) 96.0 95.6 81.1 77.8
3D(p=3) 95.9 95.7 81.6 77.3
2D 97.8 96.3 74.3 74.3
10 3D(p=1) 97.8 96.0 66.2 64.0
3D(p=2) 96.0 95.7 75.2 74.0
3D(p=3) 96.0 95.1 78.7 76.5
Table 3. Training accuracy by set
2D Data set 3D Data set (%)
(%) Manhattan | Euclidean | Minkowski
Set 1 95.2 95.2 95.2 95.2
Set 2 98.2 98.2 98.2 98.0
Set 3 98.4 99.0 95.6 95.6
Set 4 97.6 97.6 97.6 97.6
Set5 96.8 96.6 94.8 94.8
Set 6 20.0 19.4 19.6 19.6
Set 7 89.3 74.0 88.9 92.1
Set 8 96.2 96.8 96.0 96.2
Set9 95.4 93.8 94.6 94.2
Set 10 88.5 88.3 90.5 90.5
Set 11 95.6 94.8 95.6 95.6
Set 12 96.8 97.0 96.8 96.8
Set 13 95.6 96.0 96.0 96.8
Set 14 96.0 96.8 96.0 96.2
Set 15 95.2 95.4 94.0 91.5
Set 16 20.4 20.8 20.4 20.4
Set 17 88.9 75.0 88.9 93.5
Set 18 97.8 98.6 98.4 98.6
Set 19 96.6 96.4 96.8 97.2
Set 20 95.0 96.0 95.8 95.4
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¥

Fig. 3. Contour and reference points of FE base model: (a) Con-
tour of FE base model, (b) reference points on FE base
model
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Table 4. Stacking sequence of load dominant

Dominant Stacking sequence
Tension [90/0/0] s
Shear [0/90]5
Compression [£5/+45/90]

B Tension dominant area B Compression domisant arealll Sheer dominant area

Top face

Right face

Botiom face

Left face

Fig. 4. Mapping using 2D learning data set

B Tension dominant ares B Compression domimant areal Sheer dominant area

Top face

Right face

Batiom face

Left face

Fig. 5. Mapping using 3D learning data set
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