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Abstract

In this paper, SEM characterization and X-ray CT scanning techniques were carried out for domes-
tic carbon fiber pultrusion composite materials. The Cylinder Template Matching (CTM) method
was used to reconstruct the 3D material structure and the data has been quantitatively analyzed.
The results show that the pultrusion carbon fiber material is a multi-layer structure, which con-
tains three layers of multi-axial cloth material composed of a single carbon fiber material and four
layers of impregnated epoxy resin material. The diameter of a single carbon fiber material is about
7~8 um. When it is close to multi-axial cloth material, the resin material tends to form fine fibers in
the same direction, and in the middle of the resin fibers, new vertical fine fibers will be formed. Sta-
tistical data show that the fine fibers have obvious segregation at 50° and 180° in the X direction, and
the length distribution of the resin fine fibers is more uniform than carbon fiber. This may be related
to the pultrusion process and the solidification method of unsaturated polyester resins.
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Figure 1. Scanning electron microscopy characterization analysis of different sections of the
pultruded specimen, (a) Cross section; (b) Longitudinal section
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Figure 2. (a) Single tomography images; (b) The locally enlarged area shows the results of segmentation

of different fibers
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Figure 3. Schematic diagram of a cylinder tracking algorithm for two individual pixels xyto x [12]. (a) Sche-
matic diagram of each parameter in a single search cone; (b) Schematic diagram of continuous tracking of mul-
tiple body pixels
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Figure 4. Specific steps for cylinder tracking of CT scan pictures. (a) Selection of areas with characteristics of
representative significance; (b) Analysis of the coarse fibers of the multi-axial cloth obtains a cloud map of the
similarity function of the crude fibers; (c) Analyze the density fluctuations in impregnated epoxy resin materials
to obtain a cloud map of the similarity function of fine fibers; (d) The final three-dimensional rendering
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Figure 5. Quantitative analysis of multi-axial cloth coarse fibers and resin fine fibers. (a) The angular distribution of mul-
ti-axial cloth coarse fibers on the X-Y plane; (b) Select the length distribution of the multi-axial cloth coarse fibers in the
cube; (c) The angular distribution of the fine resin fibers on the X-Y plane; (d) Select the length distribution of the fine fibers
of the resin in the cube
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