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ovel Deep Learning Approach for Evaluating Fiber and Void Volume

Fractions in Unidirectional Carbon Fiber Reinforced Plastic (CFRP)

Joong-Tak Back®, Su-Jeong Choi*, Jun-Soong Lee*, Ji-Hun Mun*,
Jong-Kwan Park**, Sungwook Joo™"

ABSTRACT: Fiber Volume Fraction (FVF) and Void Volume Fraction (VVF) are critical indicators of Carbon Fiber
Reinforced Plastics (CFRP) performance. Traditional methods such as the burn-out process (ASTM D3171-22) suffer
from oxidation-induced errors and complex sample preparation. This study proposes a deep learning-based image
analysis method using FE-SEM images to quantify fiber and void fractions efficiently. By applying Convolutional
Neural Networks (CNN) and Transformer Neural Networks (TNN), the method achieves precise and automated
evaluation without additional processing. Compared to the burn-out method, it demonstrates improved consistency
and reduced measurement errors. This approach enhances the accuracy and efficiency of CFRP analysis, contributing
to process optimization and quality control.
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Table 1. Information of Analysis Specimens

Process Material Number Thickness Specimen
of Ply ID
Autoclave | USN200 11 t=2.31lmm | Prepreg-A
Hot Press | USN200 12 t=2.52mm | Prepreg-P
EZ-Preg-
Winding S—T;g(g) 6 t=0.96mm | Towpreg-W
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Table 2. Density of CFRP Specimens for FVF and VVF Analysis

Specimens ID P, P, Pm
Prepreg-A 1f3§;§;n3 1.82g/em® | 1.21g/em’
Prepreg-P 1?§§;i§n3 1.82 g/em’ 1.21 g/em’

Towpreg-W 1(5(;1(%;1;3 1.82 g/cm’ 1.20 g/cm’

() : standard deviation
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40 image trained CNN deep learned image and (c) final
segmentation result
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Fig. 2. Results of applying a CNN model for analyzing carbon
fiber fractions in CFRP, trained with 5 (b), 10 (c), 20 (d), 30
(e), and 40 (f) pre-segmented images

Fig. 3. Results of applying a CNN model for analyzing void frac-
tions in CFRP, trained with 5 (b), 10 (c), 20 (d), 30 (e), and
40 (f) pre-segmented images
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Fig. 4. FE-SEM images of Prepreg-A (a), Prepreg-P (c), and Tow-
preg-W (e) samples for carbon fiber analysis, along with
the results of deep learning-based image processing

showing fiber (red) and matrix (green) segmentation (b,
d,f)
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Fig. 5. FE-SEM images of Prepreg-A (a), Prepreg-P (c), and Tow-
preg-W (e) samples for void analysis, along with the
results of deep learning-based image processing show-
ing voids (red) and other regions (green) segmentation

(b, d, f)
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Fig. 6. Fiber area fraction (FAF) and void area fraction (VAF) of
Prepreg-A, Prepreg-P, and Towpreg-W specimens, ana-
lyzed using a deep learning-based image analysis method
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(VVF) of Prepreg-A, Prepreg-P, and Towpreg-W speci-
mens, analyzed using the burn-out method
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