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Measurement of Fiber Orientation in CFRP laminates by using X-ray computed tomography.
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EX7 IR ENF UK

In this paper a mnew method which measures fiber
orientation in CFRP laminates from X-ray CT images is
proposed. In the proposed method, fiber orientation 1is
analyzed by applying digital image correlation method
(DIC) to the acquired tomographic images. By using DIC,
brightness pattern, which results from radiodensity
difference between fiber and resin, is compared between
two different planes in thickness direction. Then three
dimensional displacement of brightness pattern, which
indicates fiber orientation, can be measured. In this study,
we applied the proposed method to a quasi-isotropic CFRP
laminate. After X-ray CT imaging, the sample was
sectioned and polished. Fiber orientation was then
experimentally measured by wusing a microscope. Fiber
orientation calculated by the proposed method agrees very
well with experimentally measured one, and the validity of
the proposed method was demonstrated. Additionally, we
applied the proposed method to a plane-woven CFRP
laminate. The result revealed that the invalid fiber
orientation may be calculated for the fiber orientation is
parallel to the plane of CT image, or for the fiber
orientation is calculated wusing the pattern around the

outer edge of CT images.
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Fig.1 Schematic of the concept of the proposed method.
Fig.2 X-ray CT images.

Fig.3 Magnified view.

Fig.4 Comparison of fiber orientations on section “a”

Fig.5 Comparison of fiber orientations on section “b”.

Fig.6 Section superposed by fiber orientation in section

Fig.7 Section superposed by fiber orientation in section

Fig.8 Comparison between histogram of fiber orientation
and normal distribution.

Fig.9 X-ray CT images of woven composites.

Fig.10 Fiber orientation vectors.

Fig.11 Section superposed by fiber orientation.

Tablel Average and Standard deviation of measured fiber
orientations.

Table2 Cumulative relative frequency.
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Subset which has the similar pattern is traced between
CFRP sample two sections by using DIC algorithm.

X-ray CT images

Subset distance
I vector : (a,c)

Distance between
Two sections : b —H £ L

A il '
..

When subset distance vector is (a,c), 3D fiber orientation vector of this subset is (a,b,¢).

Fig.1 Schematic of the concept of the proposed method.
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section‘b”

section“‘a”

Fig.2 X-ray CT images.
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| section“b”

section“‘a”

Fig.3 Magnified view.
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Fig.4 Comparison of fiber orientations on section “a”.

(a) Calculated fiber orientation vectors
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Fig.5 Comparison of fiber orientations on section “b”.

This document is provided by JAXA.



AP 7T A
e s v

WA
V240

7
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(a) (b)

Fig.9 X-ray CT images of woven composites.
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Table1l Average and Standard deviation of measured fiber orientations.

Section and method

Average0[® |

Standard deviation

Section a, DIC
Section a, Micrograph
Section b, DIC
Section b, Micrograph

42.83
45.69
43.95
46.01

1.520
1.349
1.142
1.150
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Table2 Cumulative relative frequency.

Fiber Observed frequency Relative frequency Cumulative relative frequency
orienotations Calculated Normal Calculated Normal Calculated Normal Difference

L] value distribution value distribution value distribution
39 1 0 0.0004 0.0000 0.0004 0.0000 0.0004
40 6 2 0.0023 0.0006 0.0027 0.0006 0.0021
41 7 27 0.0027 0.0103 0.0054 0.0109 0.0055
42 86 199 0.0332 0.0769 0.0386 0.0878 0.0492
43 310 653 0.1196 0.2517 0.1581 0.3395 0.1814
44 1008 937 0.3887 0.3615 0.5469 0.7010 0.1542
45 805 591 0.3105 0.2279 0.8573 0.9289 0.0716
46 270 163 0.1041 0.0630 0.9614 0.9919 0.0305
47 75 20 0.0289 0.0077 0.9904 0.9996 0.0092
48 16 1 0.0062 0.0004 0.9965 1.0000 0.0035
49 9 0 0.0035 0.0000 1.0000 1.0000 0.0000
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