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Abstract - The mechanical properties of a carbon fibre reinforced thermoplastic (CFRTP) sheet were evaluated, which is 
composed of plain-woven carbon fibre fabrics impregnated with polypropylene matrix resin. Using the specimens whose 
longitudinal direction is parallel to or inclined at 45 degrees from the fibre direction, uniaxial tensile tests, three-point 
flexural tests, and Charpy impact tests were performed to investigate the anisotropy of mechanical characteristics. In 
addition, cold and warm V-bending tests were performed to investigate the bend ability of the CFRTP sheet. The 
effectiveness of a novel technique of bending a CFRTP sheet sandwiched between highly ductile sheets was confirmed in 
terms of reducing the spring back angle. 
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I. INTRODUCTION 
 
Generally, a thermo set resin such as epoxy is used as 
a matrix for carbon fibre reinforced plastic (CFRP) 
sheets. This type of CFRP sheets, however, has cost 
disadvantage and low productivity. Therefore, CFRP 
sheets consisting of continuous fibres and 
thermoplastic resin (i.e. CFRTP) are attracting 
attention. The press forming of CFRTP sheets is low 
in cost and can be expected to be highly productive. It 
also improves CFRPs’ recycling efficiency. For the 
further popularisation of CFRTP in industry, the 
establishment of the press forming technology is 
positively essential. As a first step toward the goal, 
the formability of CFRTP sheets, including 
drawability, stretchability, bendability, and 
flangeability, needs to be investigated as well as their 
mechanical properties. In this study, we focus on the 
bendability. 
 
II. EXPERIMENTS 
 
2.1. Material 
A commercial 1.8-mm-thick CFRTP sheet, which is 
composed of 8 layers of plain-woven carbon fibres 
impregnated with polypropylene, was used.The 
melting point of the polypropylene is 
approximately160˚C.Our experiments showed that 
the tensile strengths of the carbon fibreand 
polypropylene are3.0GPa and 20MPa, respectively. 
 
2.2. Tensile test 
Tensile tests were performedby the method 
prescribed in Japanese Industrial Standards (JIS) 
K7164 on a universal testing machine (Autograph 
AG-X 250 kN, Shimadzu).Two types of tensile 
specimens were tested: one of which was cut out of 
the CFRTP sheet along the carbon fibre direction and 
the other along the direction inclined at an angle of 45 

degrees from the fibre direction. The tests were 
conducted at room temperature and a high 
temperature (150ºC), which was achieved using two 
far-infrared heatersplaced 100 mm away from the 
specimens[4]. The specimens were gripped by the 
testing machine without tabs.For the tests at room 
temperature, an extensometer was mounted on the 
specimens to estimate the Young’s modulus until the 
nominal strain reaches 10%. 
 
2.3Flexural test 
In accordance with JIS K7074,three-point flexural 
tests were conducted at room temperature on the 
universal testing machine. As is the case in the tensile 
tests, two types of specimens with different 
orientations were tested. 
 
2.4. Impact test 
Charpy impact tests were carried out at room 
temperature according to JIS K7077.A very old 
machine (impact testing machine, Shimadzu) was 
used. Again, the two types of specimens were tested. 
 
  
2.5V-bending test 
V-bending tests were performed on a bending 
machine (RG-M2 3512, Amada)using an88-degree 
punch with a tip radius of 0.6 mm and a die with 
14mm-wide V-shaped groove. Small pieces with a 
width of 15 mm and a length of 30 mm were cut out 
of the CFRTP sheet and subsequently they were 
tested in a cold or warm environment[1].For the 
warm bending, the specimens were preheated up to 
50ºC, 100ºC, 150 ºCor 200ºC whereas neither the 
punch nor die was preheated. The bending tests were 
performed for the case of bend line parallel to the 
fibre direction and that inclined at an angle of 45 
degrees in order to investigate the effects of the fibre 
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direction on the bendability. For all tests, the punch 
was held at the bottom dead point for 30 s. 
Moreover, the effectiveness of a novel technique of 
bending a CFRTP sheet sandwiched between highly 
ductile sheets (called as dummy sheets) was 
confirmed. In this study, cold-rolled steel sheets 
[5]and silicon rubber sheets [6]of thickness 1 mm 
were adopted as a dummy sheet. The bendability was 
estimated on the basis of the macroscopic observation 
on the bent specimens and the measured springback 
angles. 
 
III. RESULTS AND DISCUSSION 
 
3.1. Mechanical properties 
 
Figure 1 shows thestress-strain curves at room 
temperature.For the tension inclined at 45 degrees 
from the fibre direction(i.e. 45-degreetilted 
specimen), a large elongation was obtained. In 
contrast, for the tension parallel to the fibre direction 
(i.e. 0-degreespecimen), it showed a considerable 
resistance and fractured without plastic deformation. 
Thus, CFRTPs are largely affected by fibre direction. 
Conventional CFRPs in which a thermosetting resin 
is used as a matrixdo not have this type of strong 
anisotropy[3]. In an early stage of the tension inclined 
at 45 degrees, carbon fibres rotate to respond to the 
tensile strain; then, the rotation is restrained at a 
certain point to cause shear locking[2].After that, the 
stress value reascends and finally the specimen 
fractures. The 45-degreetilted specimens had larger 

elongations and contracted more greatly in the width 
direction (Fig. 2). 
 
Figure 3 describes the tensile strengths measured at 
different temperatures. The error bars in the figure 
denote the standard deviations. For the 0-degree 
specimens, an increase in the temperature decreased 
the tensile strength whereas for the 45-degreetilted 
specimens,the strength did not depend on the 
temperature. Note that the Young’s modulus and 
0.2% proof stress measured at room temperature are 
48.0 GPa and 432.5 MPa for the 0-degree specimen 
and4.3 GPa and 20.4 MPa forthe 45-degreetilted 
specimen, respectively. 
 
Figure 4 shows the results of Charpy impact tests. 
Again, a significant effect of fibre direction is 
observed. The 45-degreetilted specimens only bowed 
widely and were not broken on hammer striking. The 
0-degree specimens, however, were broken. 
Figure 5 illustrates the load-stroke curves on the 
flexural tests. The 0-degree specimens fractured at the 
outer surface with rapid loss in load. In contrast, the 
45-degreetilted specimens only bowed and were not 
broken, resulting in a monotonous variation.  
 
Figure 6 represents the relationship between the 
flexural strength and the fibre direction. When the 
longitudinal and fibre directions of the specimen are 
parallel to each other, the flexural strength is very 
high, which is approximately 2.5 times higher than 
that of the 45-degreetilted specimen. 
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3.2Bendability 
 
Figure 7 depicts the specimens after the V-bending 
tests. In specimens with symbol※, the matrix resin 
broke along the fibre directionor the fibres 
themselves broke.They were observed mainly in 
the0-degree specimens bent at low temperatures. 
Specimens bent at high temperatures did not break; 
however, the specimens(mostly, 0-degree 
specimens)did not reach the target shape either 
because they deformed at the die shoulder. Although 
bending angles of approximately 90 degreeswere 
obtained for all the specimens bent at 200 ºC, which 
is higher than the melting point of the matrix resin, 
carbon fibers stuck out fromthe lateral surfaces, 
leading topoor appearance. 
 
We assessed the formability byusing the springback 
of the specimens. The springback is defined by the 
difference between bending angle and target angle 
(88º). The bending angles were measured with a 
protractor. The relationship between the springback 
and forming temperature is shown in Fig. 8 for 
specimens bent with and without dummy sheets. 
Bending at forming temperatures of 20 ºC (i.e. room 
temperature) and 50 ºCcorresponds to 
coldforming,resulting in large springback. An 

increase in the temperature decreased the level of 
springback. Negative springback angles were 
observed at the temperature higher than the melting 
point of the matrix resin. This is a unique 
phenomenon for CFRTPs, referred to asspring-
forward[7]. 
 
Figure 8 indicates that for the 0-degree specimen, 
sandwiching it between steel sheets is effective in 
reducing the springback.In the case of warm forming, 
sandwiching it between rubber sheets also works. On 
the other hand, for the 45-degreetilted specimen, only 
sandwiching it with rubber sheets was of benefit. The 
effect of sandwiching with steel sheets was 
negligible. This result would probably come from the 
following two desired effects: one is that the rubber 
sheetsprevent the workpiece from cooling rapidlyin 
V-bending and the other is that they uniformisethe 
pressuredistribution on the workpiece. It is interesting 
that for both oriented (or directional) specimens, the 
magnitude relationship among the three different 
bending methods is inverted between the results at 
room temperature and 200 ºC. Overall, there appears 
to be a larger difference amongthe three different 
methodsin the 0-degree specimens than in the 45-
degreetilted specimens.
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CONCLUDING REMARKS 
 
Uniaxial tensile tests, three-point flexural tests, and 
Charpy impact tests were performed to evaluate the 
mechanical properties of a CFRTP sheet. Cold and 
warm V-bending tests were also conducted to 
investigate the bendability.To promote use 
ofCFRTPs, we evaluated various characteristics and 
showed that some of them differ from those of 
conventional CFRPs. With the different 
characteristics in mind, CFRTP products must be 
designed. 
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