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ABSTRACT 
In this study, the pu叩osewas to clarifシthemechanism of internal defects when joining a molten CFRTP plate and an 
aluminum piece. A piec巴ofaluminum provided with a groove for inserting CFRTP is heated ぬ叩arbitrarytemperature, and 
CFRTP is ins巴rtedand巴xpanded.As a result, a force was generated to push the Al piece企omthe inside of the groove and a method 
was developed to obtain the joing strength. Nondestructive inspection was us巴dto evaluate internal defects generated when 
CFRTP was thermally expanded. 

1. Introduction 
Recently, weight reduction of transportation 
equipment is required to reduce C02 emissions [ 1]. 
Therefore, carbon fiber reinforced plastic (CFRP) having 
excellent specific strength and elastic modulus is now 
being adopted. Among them, thermoplastic CFRP 
(hereinafo巴rrefeロ巴dto as CFRTP) having a short forming 
time has attracted attention, and dissimilar joining 
t巴chnologyis required [2]. This techniques include 
mechanical joining [3] and adhesive joining [4], but in th巴
cas巴ofmechanical joining, weight increase and stress 
concentration of the processed part, quality variation and 
hardening time are required for adhesive joining, et乙．，
巴achhaving a problem there. Therefore, we developed a 
method to obtain the joining strength by heating the 
aluminum piece provided with th巴grooveto an arbitrary 
t巴mperature,inserting the CFRTP and expanding it to 
generate a force to push the Al piece from the inside of 
the groove [5]. 
In this study, the purpos巴 was ぬ clari守 the
mechanism of internal defects when joining a molten 
CFRTP plate and an aluminum piece. The nondestructive 
inspection was used to evaluate the internal defects 
g巴neratedwhen CFRTP was thermally expanded in the 
test pieces manufactured by the developed joining 
method. 

2. Method 
2.1 Test piece 

As the CFRTP plate to be joined, a 2.3 mm thick 
10-layer stampable sheet (Ichimura Sangyo Co., Ltd.) 
was used, in which 3K plain weave carbon fiber was 
impregnated with PA6 as a matrix resin. This was 
inserted into aluminum (A5052) heat巴dfor 5 minutes at 
723 K and joined to produce a test piece shown in Fig. 
l(a). As a comparison, a test piece manufactured by 
placing and joining a CFRTP plat巴oft=2.3ぬanA5052
plate oft= 6.35 heated at 723 K for 5 minutes is shown 
as Fig. 1 (b ). These wer巴observedusing an ultrasound 
imaging system and an x-ray examination system. The 
direction of observation is the direction shown in Fig.2. 
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2.2 Observation by ultrasonic imaging device 
The possibility ofultrasound image observation of the 
interface between CFRTP and A5052 was investigat巴d
using an ultrasound imaging syst巴m.The ultrasound 
imaging system used is Hitachi Engineering & Services 
(FS200 II). Ultrasonic testing of joined plates was 
perfoロnedfrom the CFRTP side and the A5052 side 
respectively. The test was conducted with a 50 MHz 
probe. 
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(a) Joining test piec巴（b)Joining plat巴S

Fig. 1 Dimension oftest piece 

(a) Joming test piece (b) Joining plates 
Fig.2 Observation direction oftest piece 

2.3 Observation by X圃rayinspection device 
The possibility of x-ray observation of the joined interface 1 
betw巴enCFRTP and Al piece was examined using a凶
transmission x-ray inspection system. X-ray examination j 
apparatus used is DAGE Japan Ltd. (XD7600NTDiamonの－
TheX綱rayirradiation of the CFRTP-A5052 plate assembly was 
performed企omthe CFRTP side. The旬bevoltag巴ofx-raywas 
set to 60 to 130 kV, and th巴仰bepower was set to 1.5 W. 
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3, Results and Discussion 
3.1 Observation by ultrasonic imaging device 
Fig. 3 shows a wav巴formimage of the joining surface 
observed from the side of the joined test piece. Th巴white
distribution in the central part is considered as the 
unjointed void part. Fig. 4 shows the waveform 
observation of the entire joining surface from the CFRTP 
side. Although it can be observed with a 15 MHz probe, 
the entire waveform gate can only obtain an imag巴ofonly 
the CFRTP matrix. When the interface is gated, it is 
affected by defects in the base material, but it is 
observable to some extent. From the A5052 side, it was 
possible to observe to some extent with a 50 MHz probe. 
Although it is observable to some巴xtentby gating the 
junction interface, it is a sample that is di伍cultto observe 
because the CFRTP material as well as the aluminum 
material have defects. It is difficult to reliably detect a 
defect of about 0.1 mm from the extent of the current base 
material. 

CFRTP-Al 
joint part 

Fig. 3 Waveform image of the joining test piece 
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CFRTP-Al 
joint p釘t

Fig. 4 Waveform image of the joining p加es

3.2 Observation by X-ray inspection device 
Fig. 5 shows th巴resultsof x-ray inspection of joined 
test piece. At the bottom of the groove of the Al piec巴，
ther巴isa part that looks light 2mm or so. Since the heat 
conduction is high, it is considered that the expansion is 
caused by th巴generationof voids and the movement of 
resm. 
Fig. 6 shows the results ofx-ray inspection of th巴joined
plate. Since the measurement was made by transmitting 
x-rays, the tube voltage transmitting Al did not show 
differences in resin, carbon fiber, or voids, and appeared 
as a uniform distribution. 
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Fig. 5 X-ray examination image of the joining test piece 

Al part 

CFRTP-Al 
joint part 

Fig. 6 X-ray examination image of the joining plates 

Therefore, the joint plate was erected so that the 
interface between CFRTP and Al was at the center, and x-
ray inspection was performed. The observed image is 
shown in Fig.7. White part appeared in CFRTP and Al 
interface. This is considered to be the void or part of the 
resin alone. 

CFRTPpart 
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Fig.7 X-ray examination image of the joining plates 
(Horizontal direction with joining surface) 

4. Concluding Remarks 
In this study, the purpose was to clarifシthe
mechanism of internal defects when joining a molten 
CFRTP plate and an Al piece. The nondestructive 
inspection was used to evaluate the internal defects 
generated wh巴nCFRTP was thermally expanded in the 
test pieces manufactured by the developed joining 
method. As a result, the following was found. 
(1) In ul仕asonicflaw detection, it can be confirmed by 
observation企omthe direction orthogonal to the joining 
surface, but it is difficult to confirm a slight gap of about 
0.1 mm. 
(2) In x-ray inspection, although it can be confirmed by 
observation企omthe joint surface and the horizontal 
direction, the difference between defects and resin rich 
hardly appears because resin transmittance is also high. 
Although the observation of the joint piec巴 was
performed by two methods, it was found that the 
observation of the void of about 0.1 mm, which is a defect, 
was difficult by any method. In the future, how voids or 
defects can be clearly confirmed, to continue to explore. 
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