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EVALUATION OF TENSILE AND IMPACT CHARACTERISTICS
FOR CARBON FIBER REINFORCED POLYCARBONATE

Masahiro NONAKA

Abstract

Carbon fiber reinforced plastics (CFRP) have been used in aerospace
because of its light weight, high strength and rigidity, design flexibility, etc.
However, the impact resistance of CFRP is not strong enough for space
structures facing the threat of debris collision. Thus, we have examined to
develop a low-cost molding method for thermoplastic resin composites.

In this study, carbon fiber reinforced polycarbonate (CF/PC) composites
were fabricated by the method. Static tensile test and low-velocity impact
test were carried out. As a result, we found that the CF/PC had the high
impact resistance compared with CF/EP (carbon fiber reinforced epoxy)
composites. In the future, we hope to improve the molding process and
investigate the other mechanical properties of the CF/PC composites.
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CF/PC Carbon Fiber Reinforced Polycarbonate
CF/PC CF/PC
CF/EP
Carbon Fiber Reinforced Epoxy



CF/PC

PC
PC-2151 Table 2.1.1
MVR 10
PC MVR 25 cm¥10min
PC MVR 60 70cm’/10min
Table2.1.1
2.5 cm/10min
1.2 g/cm
2350 MPa
60 MPa
6.0 %
89 kI m?
SAERTEX T800SC-24K Fig.2.1.2
Table 2.1.2 T800S
12K
12,000 24K 24,000
Table2.1.2 T800S
1.8 g/cm
294 GPa
5880 MPa
2.0 %
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Fig.2.1.2
PC
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Table2.1.3

141 g/cm
74.6 GPa
3230 MPa
3.8 %
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CHPC

CFRP
Fig.2.2-1
PC
CF/PC
[7]
200 mmx230 mm
JUKI
0.3 mm PC
200 mmx230 mmx0.3 mmt
CFPC
Fig.2.2-2 Fig.2.2-3
Fig.2.2-4
1.2 mm, 2.4 mm 4dply 1.2 mm
ub 8ply 24 mm
[02/90,] s
2701 7.0MPa 15 min 260 1 1.0MPa 10 min
Fig.2.2-5
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JS K7073
ub 0° 90°
[02/905]s 4
1.2 mm(4ply), 2.4 mm(8ply)
8502, INSTRON
100 mm

Epoxy)
CF/PC

Table 3.1
Fig.3.1-1 Fig.3.1-2

4ply-CF/PC

+45° 8ply-CF/PC
20 mm 170 mm
100 kN
0.5 mm/min

CF/EP(Carbon Fiber Reinforced
CF/EP CF/EP

Table 3.1
T[mm] V[ %]
4PLY O0° 1.2 44.40
4PLY 90° 1.2 46.18
PC 4PLY +45° 1.2 43.95
8PLY
2.4 51.43
T800SC [02/902]s
4PLY ©0° 0.9 63.33
EPOXY 4PLY 90 0.9 61.87
8PLY
1.7 65.75
[02/902]s
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Fig.3.1-2 CF/PC
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ub 0°

CHPC CHEP UD 0°
Fig.3.2.1-1, Fig.3.2.1-2 CFPC 7 CHEP 8
CF/PC PC Fig.3.2.1-3 CF/PC CF/EP
Fig.3.2.1-4 Fig.3.2.1-3, Fig.3.21-4 CFHPC CFHEP
CFPC CHEP Vi Fig.3.2.1-4
CHEP V:; CFHPC Vi=44.4% CF/PC CHEP
Table 3.2.1-1, Table3.2.1-2
CHPC CFHEP V; CFEP Vi
Table 3.2.1-3
CF/PC CHEP CF/PC
PC 0°
CF/PC CHEP
CF/PC 950 MPa 1.06 %
90 GPa CHEP
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Fig.3.21-1 CFPCO0° -

Table3.2.1-1 CF/PCO0°

1.0 1.2

Failure strain [%]

Tensile Strength [MPa]

1 0.91 800
2 111 940
3 1.05 980
4 0.97 860
5 1.20 1170
6 0.88 770
7 1.29 1130
Average 1.06 950
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RN
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o

800

Stress [MPa]

400

0 0.3 0.6 0.9 1.2
Strain [%]
Fig.3.2.1-2 CF/EP 0° -
Table 3.2.1-2 CF/EP 0°
Failure strain [%] Tensile Strength [MPa]
1 1.34 1850
2 1.28 1730
3 1.36 1880
4 1.26 1680
5 1.10 1640
6 1.25 1640
7 1.28 1640
8 1.27 1670
Average 1.27 1720
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0.2 04
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0.6 0.8
Strain [%]

CF/EP 0°

Table 3.2.1-3 CF/PC, CF/EP 0°

1 1.2

1.4

Failure strain Tensile Strength Tensile Modulus

[%] [MPe] [GPa]
CF/PC 0°

1.06 950 89.6
(Vi=44.4%)
CFEP0°

1.27 1720 135.4
(Vi =63.3%)
CFEP0°

1.27 1200 94.5
(Vi = 44.4%)
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uD 90°
CF/PC CFEP UD 90°
Fig.3.2.1-5, Fig.3.2.1-6 CF/PC CF/EP 8
CF/PC CF/EP Fig.3.2.1-7 CF/PC CF/EP
Table 3.2.1-4, Table3.2.1-5
CF/PC CF/EP Table
3.2.1-6
CF/PC 19.3 MPa 0.33 %
5.84 GPa CF/EP
90° CF/PC PC
PC
6.0%
90° 0°
0° Fig.3.2.1-8  90°
Fig.3.2.1-9 0° 0
90°
Fig.3.2.1-10
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Fig.3.2.1-5 CF/PC 90°

Table 3.2.1-4 CF/PC 90°

Failure strain [%] Tensile Strength [MPa]
1 0.27 16.9
2 0.37 21.9
3 0.30 16.9
4 0.30 19.3
5 0.38 20.6
6 0.32 18.6
7 0.38 20.5
8 0.32 19.7
Average 0.33 19.3
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- 4ply-90°
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04 0.5

Strain [%]
Fig.3.2.1-6 CF/EP 90°

Table 3.2.1-5 CF/EP 90°

Failure strain [%] Tensile Strength [MPa]
1 0.49 27.9
2 0.40 215
3 0.52 29.2
4 0.46 255
5 0.35 255
6 0.47 29.2
7 0.44 26.7
8 0.39 23.9
Average 0.44 26.2
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Table 3.2.1-6 CF/PC, CF/EP 90°

04 0.5

Tensile Modulus

Failure strain Tensile Strength

[%] [MPe] [GPa]
CF/PC 90°

0.33 19.3 5.84
(Vi=46.2%)
CF/EP 90°

0.44 26.2 5.95
(Vi=61.9%)
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45°
Fig.3.2.1-13
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217 MPa
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Fig.3.2.1-12
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O | | | | |
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Fig.3.2.1-11 CF/PC % 45° -
Table 3.2.1-7 CF/PC % 45° Vi = 44%
Failure strain [%] Tensile Strength [MPa]
1 1.01 227
2 0.92 203
3 1.08 215
4 1.06 216
5 0.94 225
Average 1.00 217
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Time [s]

Fig.3.2.1-12 CF/PC + 45°
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[02/902]s

CF/PC CF/EP [02/902]
Fig.3.2.1-14, Fig.3.2.1-15 CFHPC 7 CFEP 4
CF/PC CF/EP Fig.3.2.1-16 uD
0° CF/PC CFEP Vi
Fig.32.1-16  CFEP V; CF/PC Vi=51.4 %
CF/PC CF/EP Table 3.2.1-8,
Table3.2.1-9 CF/PC CFIEP V CF/EP V
Table 3.2.1-10
CF/PC CF/EP CF/PC
564 MPa 1.14 % 49 GPa
uD 0° CF/EP
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—8ply -2
—8ply -3
—8ply -4
—8ply -5
—8ply -6
— 8ply -7

04 0.6
Strain [ %]

Fig.3.2.13 CF/PC [02/902]s

0.8 10 12

Table 3.2.1-8 CF/PC [02/902]s

Failure strain [%] Tensile Strength [MPa]
1 1.13 570
2 111 561
3 1.14 592
4 1.20 539
5 1.12 544
6 1.27 622
7 1.02 520
Average 1.14 564
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Fig.3.2.14 CF/EP [02/90;]s -

Table 3.2.1-9 CF/EP [02/902]s

Failure strain [%] Tensile Strength [MPa]
1 1.31 1020
2 1.39 1101
3 1.15 906
4 1.21 900
Average 1.27 982
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Fig.3.2.15

Table 3.2.1-10

0.2 04

CF/PC [02/902]s

0.6 0.8
Strain [%]

CF/EP [02/902]s

CF/PC [02/902]s, CF/EP [02/902]s

1

1.2 14

Failure strain Tensile Strength Tensile Modulus
[%0] [MPa] [GPa
CF/PC  [0,/90
[02/90z]; 1.14 564 49.4
(Vi = 51.4%)
CF/EP [02/90
[02/90z]; 1.27 082 77.3
(V = 65.8%)
CF/EP [02/90
[02/90z]; 1.27 1200 60.6
(Vi = 51.4%)

32




ub

90°

CHPC

CF/PC CHEP

33

90°



[02/90;] Fig.3.3-1 Fig.3.3-2
(3.3-1 [02/90;] (3.3-2
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By =E¢V; +E,(1-V))
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E — lex 2ex
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E. UDO° E, UD90°
[02/903]s th
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Ef Em
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V'nm Vs V
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v’ Vi (331) v’ E 1
(3.3-7)
En = (1_Vf')‘ E,+V -E; (3.3-7)
Vy=4.76% V’'<=3.32%
E 1n=114.4 GPa E1=89.9 GPa
[0,/90,]s  Es=54.9 GPa Ese=49.4 GPa
CHPC 0°, 90°, +45°

[-45/0/45/90]
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CFRP

CFRP
NASA Boeing SACMA Boeing
SACMA
CF/PC [02/90;] 100
mm 150 mm 2.4 mm Dynatup
9250HV INSTRON 16 mm
5Jmm 10Jmm 15Jmm 20Jmm 4
CHEP Fig.4.1-1
SACMA Fig.4.1-2 CHPC CF/EP
Table 4.1
3 KS-1100 KEYENCE
X
SOFTEX
Table 4.1
Number | Thickness[mm] | Vi[%] Energy/Thickness [Jmm]
CHPC-1 2.360 49.54 5
CHPC-2 2.382 49.54 10
CHPC-3 2.457 48.22 15
CHPC-4 2413 46.80 20
CHEP-1 1.822 68.47 5
CHEP-2 1.682 65.78 10
CHEP-3 1.726 65.85 15
CHEP-4 1.690 62.92 20
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5J/mm
CF/PC-1 CFEP-1 5Jmm

Fig.4.2.2-1, Fig.4.2.2-2
Fig.4.2.2-3

0 0

5.0¥mm
Table4.2.2-1 CHPC-1 CFEP-1

Fig.4.2.2-1 CF/PC 5J/mm
: N =+
> E
3 3
3 3
3 <
3 E
5J/mm
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3.5 14
3 F 1 12
25 | 1 10
= 5
S 2f 18 2
5 CF/PC >
S 15 16 lj‘cj
1} —-CF / PC Load 4
—— CF / EP Load CF/EP
05 F ——CF / PC Energy 12
—— CF / EP Energy
0 1 1 1 1 : 0
0 4 6 8 10 12 14
Time [ms]
Fig.4.2.2-3 5J/mm
Table 4.2.2-1 5J/mm
[mm] [%]
[J] [J]
CF/PC-1 | 236 11.8 8.58 72.7
CF/EP-1 1.82 9.1 5.52 60.6
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10 J/mm
CF/PC-2 CKFEP-2 10 Jmm

Fig.4.2.2-4, Fig.4.2.2-5 CF/PC
CFEP
Fig.4.2.2-6 Fig.4.2.2-6 CF/PC
10 Jmm CF/EP

Table4.2.2-2 CF/PC-2 CFEP-2

Fig.4.2.2-5 CF/EP 10 J/mm
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5 30
|CF/PC | | 20
E 3 A AP 9 2
= T 115 3
2 - CF / PC Load 5
e2 - CF / EP Load 0
|| <~ CF / PC Energy | 10
1 - CF / EP Energy .
0@ 0
0 2 4 6 8 10 12 14
Time [ms]
Fig.4.2.2-6 10 J/mm
Table 4.2-2 10 J/mm
[mm] [%]
[J] [J]
CF/PC-2 2.38 23.8 23.3 98.0
CFEP-2 | 1.68 16.8 14.22 84.6
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15 J/mm
CHPC-3 CKFEP-3 15 Jmm
Fig.4.2.2-7, Fig.4.2.2-8 10 Jmm
CHPC CHEP
Fig.4.2.2-9

Table 4.2.2-3
CF/PC-3 CF/EP-3

Fig.4.2.2-7 CF/PC 15 J/mm

Fig.4.2.2-8 CF/EP 15 J/mm
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5 40
35
4 »
1 30
~a L 126/
é 3 CFIPC | oot E
= | N g . 20 >
© —-CF / PC Load >
2 Lo Y NN -4 CF/EPLoad |{ 15 G
\ —-CF / PC Energy
A —-CF / EP Energy |{ 10
Ir CF/EP
\/ X
0 1 1 1 \l( \l( 1 1 0
0 2 4 6 8 10 12 14
Time [ms]
Fig.4.2.2-9 15 J/mm
Table 4.2.2-3 15 J/mm
[mm] [%]
[J] [J]
CF/PC-3 2.46 36.9 18.93 51.3
CFEP-3 1.73 26.0 15.96 61.4
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20 J/mm
CHPC-4 CFEP-4 20 Jmm
Fig.4.2.2-10, Fig.4.2.2-11 20 Jmm

CHEP 10 JYmm 15 Jmm
Fig.4.2.2-12

Table 4.2.2-4 CFHPC-4 CFEP-4

CF/PC

Fig.4.2.2-10 CFIPC

Fig.4.2.2-11 CF/EP
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5 45
3 40
4 {35
—_ 1 30 =
prd )
ﬁB CF/PC M 25 -
= ~-CF/PCload | | 54 g
3 2 -4~ CF / EP Load S
.................. —-CF / PC Energy| 4 15
1 TA | H—ﬂﬂ; .
CF/EP
15
0 L ¢ 1 ¢ 1 1 1 ( 0
0 2 4 6 8 10 12 14
Time [ms]
Fig.4.2.2-12 20 J/mm
Table 4.2.2-4 20 J/mm
[mm] [%]
[J] [J]
CHPC-4 241 48.2 19.7 40.8
CHEP-4 1.69 33.8 14.1 41.7
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CF/PC CF/PC

CHPC
5Jmm 10 Jmm CF/PC CHEP
10% 15% CHPC CFEP
15
Jmm 20 Jmm CHEP CHPC

CF/EP

48



3
KS-1100 KEYENCE
20 mmx20 mm Fig.4.3.1-1
CHPC CF/EP Fig.4.3.1-2
Fig.4.3.1-5 Table 4.3.1 Fig.4.3.1-6

CHPC CFEP Fig.4.3.1-7
Fig.4.3.1-7 CKFEP5Jmm

CHPC 15 Jmm
CF/FP

CHPC 20 Jmm

Fig.4.3.1-1 3
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CF/PC 5J/mm

CF/EP 5J/mm

Fig.4.3.1-2 5J/mm
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000 CF/PC 10J/mm

-143.75
-287.50
431.25
575.00
718.75
862.50
-1006.25

-1150.00

CF/EP 10J/mm

Fig.4.3.1-3 10 J/mm
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0.00
287.50 CF/PC 15J/mm
575.00
862.50
-1150.00
1437 50
1725.00
201250

-2300.00

CF/EP 15J/mm

Fig.4.3.1-4 15 J/mm
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CF/PC 203/mm

CF/EP 20J/mm

Fig.4.3.1-5 20 J/mm
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Table 4.3.1

Number [u m] [mm?2]
CF/PC-1(5 Ymm) 379.5 55.1
CF/PC-2(10 Jmm) 939.3 96.7
CF/PC-3(15 Jmm) 2263.9 105.9
CF/PC-4(20 Jmm) 536.8 83.8
CF/EP-1(5 Jmm) 130.9
CF/EP-2(10 Jmm) 209.3 30.8
CF/EP-3(15 Jmm) 236.6 16.5
CF/EP-4(20 Jmm) 154.9 23.9
2500
W 5J/mm
__ 2000 f m 10J/mm
i m 153/mm
='1500 | W 20J/mm
o
o
kS
© 1000
-
o
(b
a
500

CF/PC

Fig.4.3.1-6
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Dent areas [mm2]
S (o2}
o o

N
o

CF/PC

Fig.4.3.1-7

B 5J/mm

B 10J/mm
M 15J3/mm
@ 20J/mm
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SOFTEX
X Fig.4.3.2-1 Fig.4.3.2-2
Fig.4.3.2-5 CF/PC  CFEP CF/PC
CF/EP

CF/PC CF/EP
CF/PC

Fig.4.3.2-1
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CF/PC 5J/mm

Fig.4.3.2-2 X 5J/mm
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CF/EP 10J/mm

10 J/mm

X

3

Fig.4.3.2
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CF/EP 20J/mm

Fig.4.3.2-5 X 20 J/mm
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ub
CF/PC

ub

CHPC

0° [0,/90,]
CF/PC CF/EP
PC
90° CF/PC CF/EP
CF/PC : 5.84 GPa, CF/EP : 5.96 GPa
90°
[02/90]s CF/PC
CF/EP 10 15%

CF/PC CF/EP
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