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Innovative Analysis Method for Fiber Reinforced Composite Material by Using X-ray Talbot-Lau Interferometry

— Comparison of Accuracy to Conventional Analysis Methods —
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Abstract

In recent years, fuel economy and electric vehicles have
been promoted for the realization of a low-carbon society.
Therefore, carbon fiber reinforced plastic (CFRP) is expected
to be an innovative material for automotive light weighting.
However, when using CFRP, which is being researched for
automotive applications for low cost production, the issue
of uneven mechanical properties and insufficient strength
arises when the variation in fiber quantity and orientation
state increases. Then, an inspection instrument that can visu-
alize the internal distribution of fibers over a large area is
desired.

X-ray Talbot-Lau Interferometry is a nondestructive inspec-
tion system that can visualize the X-ray refraction and scat-
tering at very small angles by using X-ray interference. We
have started to provide nondestructive inspection solutions
using this instrument.

By visualizing the amount and orientation of fibers in CFRP
across large field-of-view with this instrument, quantitative
analysis of product performance will be possible. The results
of those analyses are expected to optimize the conditions of
design and manufacturing of products using CFRP. In this
report, the distributions of fibers inside CFRP were measured
with our instrument and conventional system. Those results
were compared and validated.

As a result, we found that the amount and orientation of
the fibers could be visualized by our instrument around the
weld line, where complex resin flow occurs. Furthermore, we
have shown that our instrument can be over 1000 times
more efficient than conventional analysis methods by reduc-
ing the measurement time and increasing the area of the
measurement field of view. In the future, we expect to con-
tribute to the innovation of manufacturing processes in the
entire supply chain related to CFRP.
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Fig. 1 Conceptual diagram of the process of “visualization’, “understand-
ing’, and “enablement”in the innovative CFRP supply chain.
The entire supply chain can be revolutionized by new outcomes
such as “visualization” of fibers inside CFRP using our instrument,
“understanding” through the analysis of amount and orientation
of fibers and strength prediction, and “enablement” which means
optimization of manufacturing and molding conditions.
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Fig. 2 Schematic diagram of X-ray Talbot-Lau interferometer.
Three X-ray gratings, called GO, G1, and G2, are placed between
the X-ray tube and the flat panel detector.

FEfEAkAE & BT ERIAR % i 5 7 )8 £ 2mm D CFRP
Z e L 7% Fig. 3 12733, Fig. 3(a) (278 3 W5
(Absorption Image) TIEikEAFDOMHES R A Fixn]
FUETE TV RWLDOIZKN LT, Fig. 3(b) D/NAEkELIFEIE&R
(Small Angle Scattering Image) T3 BT D ki
DA E %, Fig. 3(c) O fiHm#E (Differential
Phase Contrast Image) Ti%, sEIED R A K DIFLE
ZHHUETE T WS, F2/MAaBELESRIZ GO ~ G214 1
DI E L HFEA O E DM A EIC X > TEFE» 2L
T 270, HNAELZEZ CEEOBBRZEY L, HiE
TEIESEL R AEL, ZOROESEEEIE L
TRy EY 7§25 LT, Wi & DORHED R AL,
Blia e, WL (SR Is) ZmigbcE 3,

(a) Absorption Image (b) Small Angle Scattering Image

(c) Differential Phase Contrast Image

Fig. 3 Observation results of CFRP.
While the Absorption Image does not visualize the fibers and
voids inside the sample, the Small Angle Scattering Image visual-
izes the distribution and orientation of the fibers inside the sam-
ple, and the Differential Phase Contrast Image visualizes the exis-
tence of voids inside the sample. For a better understanding, a
part of the Differential Phase Contrast Image is shown enlarged.

Fig. 4 IZFERTHE R D —H %2 73 3, Fig. 4(a) 1278 3 HGELR
JE i (Scattering Intensity Image) (3 [Hif5 PN LR
EafZmGAL L 72bDThH D, W2 0EGE IR
%, LGRS 20 2 LT L, migRA
DI 2 AR D34 %278 LT\ %, Fig. 4(b) DAL
% (Degree of Orientation Image) |3 #3504 Y
L 7 DESZLDIRIBO RN 2 HEL L 72 b DTH D,
FAEZR LTS, HEWEEIRESKE CRFED
HIANZE S B L TE D, BOGEIIRIED? /NS SN
22, Thbb Iy ACEALTRS I E2EL
T\ %, Fig. 4(c) DELMH A R (Orientation Angle
Image) FECAIAEDHNSMEZRLIbDTHD, fF
KNZR$ & 9 ICHE Y AR OBt % AR, XI5 oEga
ZRBEVSTE AT —RRL TS, ZOKLD,
ARt Ll Cld BN E~TF O TRRAINTED
XIS L Twaolcx LT, iblof LT
RO TER I NIHEDTFEL T 5, ZOEEIZY
HENZERE L TE D, AROHATEHIr I & ICELm A E
DTS TR LR DIHBILEI T2 2 L sbd s,

(a) Scattering Intensity Image  (b) Degree of Orientation Image

&
180

Correspondence between
color and orientation angle

(c) Orientation Angle Image

Fig. 4 Evaluation results of fiber orientation in CFRP.
The Scattering Intensity Image shows the amount of fibers, and
the areas with more fibers are shown brighter. Degree of
Orientation Image indicates the degree of orientation, where
bright indicates a strong orientation in one direction and dark
indicates isotropic orientation. Orientation Angle Image shows
the in-plane distribution of orientation angle by color.
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Fig. 5 Appearance of evaluated CFRP sample.
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Fig. 6 Results of CFRP orientation analysis.
In the absorption image shown in Fig. 6(b), the weld line is not
visible. In the Scattering Intensity Image (Fig. 6(c)), the Degree of
Orientation Image (Fig. 6(d)), and the Orientation Angle Image
(Fig. 6(e)), the weld line can be visualized as a signal value change
with a complicated shape in the center.
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Fig. 7 Results of optical microscopy observations.
(a) Degree of Orientation Image obtained by Talbot-Lau interfer-
ometer, (b)~(d) Corresponding cross-section image observed by
optical microscope.
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Fig.8 Observation results of fiber state at (a)~(e) Z=1.6mm, (f)~(j) Z=0.8mm.
At the edge of the fig. 8(a) (center of depthwise direction), strong
orientation of fibers is observed along Y-axis as shown in (b)(d).
However, in the center, orientations of fibers distribute in various
directions as shown in (c)(e). On the other hand, in fig. 8(f), which
is close to the surface, most of the fibers are oriented to Y-axis in
both edge and center region as shown in (g)~(j). Orientations are
different in the location, such as, edge/center or surface/core of
the sample.
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Fig.9 Schematic diagram of fiber orientation analyzed with a three-
dimensional tensor.
By using an analysis module which can calculate orientation ten-
sor in each region from the fiber image by uF-CT, orientation
angle and level were analyzed.
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Fig. 10 Comparison of fiber orientation angles measured by our instru-
ment and pF-CT. (a)~(d) Distribution of orientation angles,
(e)~(h) distribution of degrees of orientation, (i)~(k) histogram of
orientation angles of the three regions.
In the three compared regions, the results of Talbot-Lau interfer-
ometer well correspond to uF-CT results in terms of orientation
angle, its variation and its histogram, quantitatively.
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Fig. 11 Relationship between measured fiber content and signal inten-
sity of Scattering Intensity Image of Talbot-Lau interferometer.
Fiber content is measured by (a) TG-DTA and (b) Optical micro-
scope.
Amount of fibers is measured by (a) TG-DTA and (b)optical
microscope. Scattering Intensity Image visualizes the relative
distribution of fibers in a measured area. Therefore, distribution
of absolute amount of fibers can be calculated by using this
image in a short time.
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