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Stiffness Enhancement of Piecewise Integrated Composite Robot Arm
using Machine Learning

Seungmin Ji*, Seokwoo Ham*, Seong S. Cheon*'

ABSTRACT: PIC (Piecewise Integrated Composite) is a new concept for designing a composite structure with
mosaically assigning various types of stacking sequences in order to improve mechanical properties of laminated
composites. Also, machine learning is a sub-category of artificial intelligence, that refers to the process by which
computers develop the ability to continuously learn from and make predictions based on data, then make adjustments
without further programming. In the present study, the tapered box beam type PIC robot arm for carrying and
transferring wide and thin LCD display was designed based on the machine learning in order to increase structural
stiffness. Essential training data were collected from the reference elements, which were intentionally designated
elements among finite element models, during preliminary FE analysis. Additionally, triaxiality values for each finite
element were obtained for judging the dominant external loading type, such as tensile, compressive or shear. Training
and evaluating machine learning model were conducted using the training data and loading types of elements were
predicted in case the level accuracy was fulfilled. Three types of stacking sequences, which were to be known as
robust toward specific loading types, were mosaically assigned to the PIC robot arm. Henceforth, the bending type FE
analysis was carried out and its result claimed that the PIC robot arm showed increased stiffness compared to
conventional uni-stacking sequence type composite robot arm.
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Table 1. Usefulness criterion of AUC

Area Under Curve Evaluation
AUC=0.9 Excellent
0.8<AUC<0.9 Good
0.7<AUC<0.8 Fair
AUC<0.7 Poor
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Fig. 2. Configuration of FE model

Table 2. 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, 423 GPa
Major Poisson's ratio v, 0.309
Strength in x-direction, tension X; 2.172 GPa
Strength in y-direction, tension Y, 443 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 3. Result of machine learning model training

Machine Accuracy AUC
learning model| (%) Tension| Compression | Shear
LDA 86.8 0.91 0.92 0.64
SVM 94 0.99 0.99 0.98
k-NN 96.1 0.96 0.96 0.88
ANN 96.2 0.99 1.00 0.99
Decision tree 96.3 0.98 0.98 0.98
Random forest 97.3 1.00 0.99 0.99
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Table 4. Stacking sequence against each loading type

Dominant loading Stacking sequence set
[90/0/0]s
Shear [0/90],5

[£5/4£45/90] 54

Tension

Compression

B Tensio @ Compression B Shear
g
Fig. 3. Mapping by SVM
B Tensio I Compressio B Shear
o | PR R
Fig. 4. Mapping by k-NN
B Tensio [ Compressio B Shear
Top face
Right face

Bottom face

Left face

Fig. 5. Mapping by ANN
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B Tensio I Compressio B Shear

Top face
Right face

Bottom face

Left face

Fig. 6. Mapping by Decision tree

B Tensio [ Compressio B Shear

Top face

Right face

Bottom face

Left face

Fig. 7. Mapping by Random Forest

Table 5. Deflection of models

Model Deflection (mm) | Difference with base (%)
Base 2.36 -
SVM 2.17 8.01
k-NN 2.18 7.86
ANN 2.18 7.96
Decision tree 2.17 7.97
Random forest 2.18 7.88

. Tension area rate . Compression area rate . Shear area rate

10040

Q0%

S5VM k-NN ANN

Decision tree Random forest

Fig. 8. Loading type rate by model
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