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Abstract 

Carbon fiber reinforced plastics (CFRPs) have been 

increasingly employed for structural materials in aircraft 

these days. However, the development of nondestructive 

inspection (NDI) technique for CFRPs is still not sufficient. 

In particular, “fiber waviness” and “misorientation” are 

representative defects that largely affect mechanical 

properties of the product and cannot be inspected by 

conventional NDI technique. We introduce electromagnetic 
nondestructive technique with directional eddy current to 

inspect and evaluate these fiber misalignment defects. 

Because directional eddy current is highly sensitive to the 

direction of carbon fiber, eddy current testing (ECT) using 

directional eddy current can efficiently evaluate fiber 

misalignment by comparing with conventional isotropic 

eddy current. 

In this paper, we adopt two types of directional eddy 

current differential probes: (i) circular driving (CirD), (ii) 

uniform driving (UniD). CirD probe generates locally 

directional eddy current near pickup coils. UniD generates 

directional and widely uniform eddy currents.  
The detectability of misorientation is evaluated with 

three probes above. CirD probe shows fairly good 

performance. UniD probe shows the highest performance 

on misorientation. The lowest misorientation angle which 

UniD probe can detect is less than 3º. These capacities of 

UniD probe are effective to assess the quality in mechanical 

properties of the CFRP products. We conclude that ECT 

with directional eddy current can be a powerful technique to 

evaluate fiber misalignment and useful for quality assurance 

of CFRP products. 

1. Introduction

Carbon fiber reinforced plastics (CFRPs) have been 

increasingly adopted for structural materials. However, 

because of complicated structure and physical anisotropic 

characteristics, there are various defects in CFRP which are 
not generated in metallic materials. Conventional 

nondestructive inspection (NDI) techniques are not suited 

for defects in CFRP. Therefore, the establishment of NDI 

technique for CFRP is immediately desired.  

Ultrasonic testing (UT) is the most popular NDI 

technique for CFRP at this moment and mainly used to 
detect delamination. However, due to physical limitations, 

UT is not available for inspection of fiber defects such as 

“fiber waviness” and “misorientation.” These defects 

largely affect the mechanical properties of CFRP products. 

A fiber waviness with a waviness angle of 2o reduces the 

compressive strength by about 40% [1], and a 

misorientation with a misorientation angle of 5o reduces 

Young’s modulus by 15% [2]. These values indicate that 

the development of NDI for fiber defects is important for 

quality assurance of CFRP products. 

Eddy current testing (ECT) has a potential for detection 

of fiber defects in CFRP because it is highly sensitive for 

the change of electrical resistance. Some researchers have 

reported that ECT can be used for identification of carbon 
fiber orientation [3-15]. For instance, Bardl et al. [7,12] and 

Xu et al. [14] reported that misorientation of laminate can 

be identified by the two-dimensional contour image of ECT 

signal obtained by using a half-transmission probe. By 

applying the spatial two-dimensional Fast Fourier 

Transform (2D-FFT) and/or Radon Transform to the 

contour images, ECT can distinguish the misorientation 

from the designed fiber orientation. However, the accuracy 

of the detectability of ECT for both fiber waviness and 

misorientation has not been discussed so far. In addition, we 

have indicated that differential type ECT is also a good 

method to identify fiber orientation because it does not need 
higher exciting frequency than 10 MHz [10,15]. Since the 

electric voltage of two pickup coils in the bridge cancels the 

noise, the SN ratio of the signal becomes better and we can 

use exciting current with a lower frequency. 

We consider that the reason why a half-transmission 

probe is effective for the detection of fiber orientation is 

because the eddy current on CFRP is locally directional 

near the pickup coil. By controlling the distribution of 

directional eddy current, the detectability for fiber defects 

may become better. In this paper, we propose two kinds of 

different type probes with directional eddy current and 
quantitatively evaluate the detectability of these probes in 
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terms of fiber misorientation by using image processing 

methods “2D-FFT” and “Hough Transform.” 

2. Experiment 

2.1. Preparation of CFRPs with Misorientation 

A unidirectional CFRP laminate with a dimension of 150 ×

150 ×5 (mm) was prepared with prepregs (P3252S-25, 

Toray Industries) by an autoclave method. The CFRP 
specimen has 21 plies and a layer with a misorientation 

angle of Xo and that with -Xo was introduced at the 2nd and 

20th layers respectively (X = 3, 5, 7, 10). Table 1 exhibits 

the specimens used in this study. 

 

Table 1: CFRP laminates used in this study. 

Label Stacking sequence Misorientation 

angle X [deg] 

X03 [90/93/9017/87/90] 3 

X05 [90/95/9017/85/90] 5 

X07 [90/97/9017/83/90] 7 

X10 [90/100/9017/80/90] 10 
 

2.2. Eddy Current Probe 

Figure 1 shows a schematic image of eddy current probes. 

These probes have the same two pickup coils and one 

driving coil. Figure 1 (a) is a circular driving type (CirD) 

probe, which makes isotropic magnetic field. Locally 

directional eddy current flows near the respective pickup 

coil. Figure 1 (b) is a uniform driving type (UniD) probe, 

which provides a quasi-uniform magnetic field on the two 

pickup coils. 

    The probe was set on the scanning arm of eddy current 

testing (ECT) apparatus so that the bottom surface of two 
pickup coils closed to the surface of the CFRP specimen as 

shown in Figure 2 (a). The axis connecting the centers of 

two pickup coils was set to be parallel to the axis of carbon 

fiber of the 1st layer (90o) as shown in Figure 2 (b). The 

probe scanned the surface of the CFRP in the range of 30 × 

30 (mm) by a scan pitch of 0.1 mm. 

2.3. Setting of Eddy Current Testing 

The sinusoidal exciting current was loaded to the driving 

coil by using a function synthesizer (WF1966, NF Co.) at a 

frequency of 2 MHz. The exciting voltage was controlled to 

be 2.9 V. The reaction magnetic flux from CFRP was 

caught by two pickup coils, and the differential signal of the 

electromotive force generated on the two pickup coils was 

amplified by a differential amplifier (5307, NF Co.). The 

differential signal was transferred to a lock-in amplifier 

(SR844, Stanford Research System) and divided into the 

voltage signal  in phase with the reference signal (Vx) and 

the signal in 90o out of phase with the reference signal (Vy). 

These signals were converted to a digital signal by DAQ 
board (DAQPad-6020E, National Instruments Inc.) and 

processed in a personal computer. 

 
Figure 1: Eddy current probes: (a) circular driving type 

(CirD), (b) uniform driving type (UniD). 

 
Figure 2: Schematic image of eddy current testing: (a) 

setup of ECT, (b) top view of CirD and UniD arranged 

on CFRP. 

2.4. Signal Processing of Eddy Current Signal 

The complex diagram of Vx and Vy was plotted, and the 

phase of voltage signal was rotated by arbitrary value so 

that the signal indicating fiber information is concentrated 

on Vx. A two-dimensional contour image of Vx was drawn, 

and the spatial 2D-FFT was applied to the image. The 
spatial frequency spectrum of the contour image of Vx was 

obtained. The spatial frequencies in the direction of x and y 

are νx and νy respectively, and the spatial resolution is 33.4 

m-1 in both directions. From spatial frequency spectrum, 

band-pass filtering was applied to cut the noise, and the 

filtered contour image of Vx was obtained by applying 

inverse 2D-FFT. 

    To quantitatively evaluate the detectability of the eddy 

current probes for misorientation, we propose to introduce 

the Hough Transform (HT) into the protocol. The spatial 

2D-FFT spectrum of the filtered contour image of Vx was 

binarized, and the edges on the image were extracted by 

Canny filter. Then, the HT was applied to the edges on the 
image, and the line segment with largest peak of the HT 

signal was extracted. The angle of the extracted line 

segment was calculated, and the average value of the angle 

was obtained for the evaluation of the detectability of 

probes. 
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Figure 3: Contour image of Vx scanned on the specimen 

of X10: (a) CirD, (b) UniD. 
 

 
Figure 4: Spatial 2D-FFT spectrum of Vx scanned on the 

specimen of X10: (a) CirD, (b) UniD. 
 

3. Results and Discussion 

Figure 3 exhibits the contour image of Vx obtained by 

scanning X10 with CirD and UniD. Stripes of the signal 

which derived from the distribution of fiber are confirmed 

in the image. 2D-FFT was applied to these images, and 

spatial FFT spectra were obtained. Figure 4 shows 

binarized 2D-FFT spectra of the images shown in Figure 3. 

The white dots expressing misorientation with a 

misorientation angle of 10o was confirmed. The line 

segment expressing misorientation was extracted by 

applying the HT to the spatial 2D-FFT spectra, and the 

misorientation angle was also obtained in this protocol. 
Misorientation angles measured by ECT and the HT 

were shown in Table 2. Both CirD probe and UniD probe 

show good detectability for detection of misorientation 

with a misorientation angle of more than 10o. However, 

CirD shows poor detectability at X of lower than 7o, 

whereas UniD has still good detectability at X of higher 

than 3o.  

This difference is due to the distribution of eddy 

current near the pickup coils. In the case of CirD, 

magnetic flux generated from circular exciting coil is 

isotropic. Owing to isotropic magnetic field, eddy current 

flowing on the carbon fiber with desired orientation (90o) 
and on the misoriented fiber (90o + Xo) show too similar 

amplitude to distinguish the difference by using a coiled 

magnetic sensor. This phenomenon is more remarkable 

when the misorientation angle is closer to the desired 

orientation. On the other hand, a UniD exciting coil makes 

uniformly distributed and directional magnetic field to the 

desired fiber orientation. Because magnetic field is 

parallel to the fiber direction, eddy current does not flow 

below a UniD probe. However, if there is misoriented 

layer under the UniD probe, eddy current flows 

sufficiently to be detected by a coiled magnetic sensor. 

The results above indicate that a good detectability of 
UniD probe for the detection of misorientation is due to 

this directional and uniform eddy current distribution. 

 

Table 2: Misorientation angles measured by using CirD 

and UniD. 

Label Misorientation 

angle X [deg] 

CirD UniD 

X03 3 7.1 4.1 

X05 5 3.4 5.0 

X07 7 5.0 6.3 

X10 10 9.9 12.1 
 

 

4. Conclusions 

Eddy current testing has a good potential for detection of 

misorientation on CFRP laminate. In particular, uniformly 

distributed and directional eddy current allows us to detect 

the misorientation with an angle of lower than 7o in high 

accuracy. In addition, the Hough Transform is a useful 
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image processing method to evaluate the detectability of 

misorientation in eddy current testing. 
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