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1.1
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Fig. 1.1 The chemical structure of PC.
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Fig. 1.2 Tensile strength and Young’s modulus of typical materials.



1.2
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Fig. 1.3 The chemical structure of PDMS.
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2.2

PC
E 13um GF
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HiROX
KH-7700
KEYENCE  VE-7800 SEM
GF 0.1wt%
GFPCO.1wt%  GFPC-EP0.1wt%
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PC GFPC-EP GF

EP 0.01wt%
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Nikon ~ SMZ1500
EP GF
29 200ml 5hr
GF X (X-ray Photoelectron

Spectroscopy XPS ULVAC-PHI Quantum2000)
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Table 2.1 Material composition and Mechanical properties.

Stress at Strain
. PC GF EP break Stiffness | at break
material content | content | content E GPa
wt% | wit% | wt% o, MPa e, %
PC 100 0 0 73 2.3 111
GFPC 70 30 0 129 7.3 2.6
GFPC-EP 68 30 2 144 7.6 2.8
GFPCO.1wt% 99.9 0.1 0 62 24 66.2
GFPC-EPO.1wt% 99.9 0.1 0.01 62 2.4 72.3
174
et} >
4\ y -
= &
T t=3
Gate
Unit:mm

108

Fig. 2.1 Shape of specimen.
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(a) GFPC

(b) GFPC-EP

Fig. 2.2 Appearance of cross section of specimens.
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Fig. 2.3 Observation method of damage process.
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2.3
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Fig. 2.4 Stress-Strain curves of GFPC and GFPC-EP
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(8) GFPC

(b) GFPC-EP

Fig. 2.5 SEM micrographs of fracture surfaces of tensile test.
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break

Fig. 2.6 The damage process of tensile test of GFPC.

@e=0% (b)e=5% (c)e=6% (d)ec=7% (€)c=8% (f)e=9% (g)<c=10% (h) after
break

I 100pm |

Fig. 2.7 The damage process of tensile test of GFPC-EP.
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2.4
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Fig. 2.8 S-N curves of fatigue test at stress rate R=0 and frequency f=5Hz.

30



crack origin

(8) GFPC

| mm

(b) GFPC-EP

Fig. 2.9 Microscope micrographs of fracture surfaces of fatigue test. (omax = 70OMPa).

31



5[]0)( 20,0# m wD: .;Emm e

500x 200 WD: 947’1 5KV
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Fig. 2.10 SEM micrographs of fracture surfaces of fatigue test.(oma=70MPa).
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Fig. 2.11 SEM micrographs of GFPC fracture surfaces of fatigue
test.(omax=40M Pa).

33



2.4.2
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Fig. 2.12 The damage process of fatigue test of GFPC and GFPC-EP.
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Fig. 2.13 Stiffness ratios of fatigue test at stress rate R=0 and frequency f=5Hz.
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Fiber breaking

(b) GFPC-EP
Fig. 2.14 Optical microscope micrographs of the fiber fracture state after tensile test.
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Table 2.2 Critical fiber length and interfacial shear strength
estimated by formulas (2.1) and (2.2).

Critical fiber Interfacial shear
length strength
um MPa
GFPC* 590 324
Ave. 223 914
GFPC-EP - I5p. 54 25.6

42

* Expected data from reference
39.
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Fig. 2.15 XPS spectra of GF soxhlet extracted from the pellet of GFPC
and GFPC-EP.
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3.2
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Fig. 3.1 Stress-Strain curves at deformation rate 50mm/min(strain
rate 0.007s-1) of PC and PDM S-PC implemented in
accordance with JISK 7161 and 7162.

Table 3.1 Mechanical propertiesimplemented in accordance with
JISK 7161 and 7162.

Yield Stress at ) Nominal strain at break
) Stiffness o
material stress break e %
E GPa
Uv MPa o, MPa (Gauge length=115mm)
PC 62 73 2.3 111
PDMS-PC 57 65 2.1 109
90° .
Q Unit:mm
| A
Gate \|/—,r9|

b o m— — — — — et e 2 — — — —

—
® p=0
-
I
a1
o

N

& S
< rd

Fig. 3.2 Shape of double-edge-notched specimen. Gauge |ength=50mm

49
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Fig. 3.3 Stress-Strain curves at deformation rate 3500mm/s in
various temperatures of PC and PDMS-PC.
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Fig. 3.4 Fracture energy at deformation rate 3500mm/s as a function
of temperature by high-speed tensile test.
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(b) PDMS-PC

Fig. 3.5 Fracture process of high-speed tensile test of PC and PDMS-PC at
deformation rate 3500mm/s in 296K.

0 Frame +00010406

+00010915

(b) PDMS-PC

Fig. 3.6 Fracture process of high-speed tensile test of PC and PDMS-PC at
deformation rate 3500mm/s in 243K.
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Notch root

(a) 296K (ductile fracture)

Notch root

(b) 243K (brittle fracture)

Fig. 3.7 SEM micrographs of PC fracture surface at deformation rate 3500mm/s.
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Notch root

(a) 296K (ductile fracture)

Notch root

(b) 243K (ductile fracture)

Fig. 3.8 SEM micrographs of PDMS-PC fracture surface at deformation rate
3500mm/s.
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(b) After high-speed tensile test

Fig. 3.9 TEM micrographs of PDMS-PC in the cross-cut section at deformation rate
3500mm/s.
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Fig. 3.10 Fracture energy at temperature 243K and deformation rate 3500mm/s as a
function of PDM S content by high-speed tensile test.
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Fig. 3.11 Fracture energy at deformation rate 100mm/s and 7000mm/s as a function
of temperature by high-speed tensile test.
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Fig. 3.12 Stress-Strain curves at temperature 243K in various deformation rate of PC
and PDM S-PC.
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(a) PC (ductile fracture)
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(b) PDMS-PC (ductile fracture)

Fig. 3.13 SEM micrographs of PC and PDM S-PC fracture surface at the temperature

243K and the deformation rate 100mm/s.
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Fig. 4.1 Geometry of specimen
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(a) Model 1 (b) Notch root detail in Model 1

i | \ll \'/’\L./-

(c) Model 2 (d) Notch root detail in Model 2

Fig. 4.2 FEM model
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(a)Grip tension (b)Simple tension
Fig. 4.3 Boundary conditions

Table 4.1 Static stress concentration factor Kis by FEM

Notch K INFig. K INFig. Reference for
(mm) 4.3(a) 4.3(b) Fig.4.3(b) ¢
p=0.2, h=5 6.14 6.15 6.12

p=0.03, h=5 14.46 14.48 14.49
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4.3

4.3(a) u(t)
Ogross
ogross (1)=0.867E  u(t)/I
5
u/t Urmax
u/t=5000mm/s
u/t=100mm/s 350mm/s 1000mm/s
Umax=1.5mm

Umax=0.1mm

4.5 1 aya(t) t

4.5

Omax

Ost

450)  4.5(c)

Umnax 15

7

4.2

4.5(a)~(e)

4.4
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4.6

4.6

5000mm/s

(O'max'O'st)
4.6 1.5mm
u/t=0)

u/t 5000mm/s

u/t 10°mm/s
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(a) Displacement vs. time (b) Details of part A in Fig.4.4(a)
Fig. 4.4 Loading conditions
Table 4.2 Displacement u at the fixed end

Case
S | Maximum y 0.1 mm 0.1 mm 1.5mm 1.5mm 1.5mm
% displacement | " | t=0.00100s | t=0.00029s | t=0.00429s | t=0.00150s | t=0.00030s
5 Tensile speed | it 100 mm/s | 350 mm/s | 350 mm/s | 1000 mm/s | 5000 mm/s
© ® t<0.00100s | t<0.00029s | t<0.00429s | t<0.00150s | t<0.00030s
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Fig. 4.5 Dynamic stress at notch root A for p
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Fig. 4.7 Strain rate at notch root A for p=0.2mm
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p=0.2mm Kia(t)=6.14 1
K=6.12 [61] »=0.03mm

Ka(t)=14.48 4.1 Ks=14.49 [61]

Kis
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Fig. 4.13 Relationship between nominal fracture strain and nominal strain rate at
various temperatures of PC and PDM S-PC by high-speed tensile test.
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Table 1 Material composition and Mechanical properties.

) Fatigue crack
PC GF EP PDMS Stress at . Strain at )
. Stiffness propagation rate,
material content | content | content | content break break ]
E GPa o Fig. 5.11 4K=1
Wt% Wt% Wt% wt% g MPa e %
m/cycle
PC 100 0 0 73 2.3 111 3x 10®
PDMS-PC 95 0 5 65 21 109 7x 10°®
GFPC 70 30 0 0 129 7.3 2.6 -
GFPC-EP 68 30 2 0 144 7.6 2.8 -
GFPDMS-PC 66.5 30 0 35 126 7.1 2.8 -
Unit:mm -
N B 174 _
Gas . _ \..l_/_ :9' ________ —_— _8 e _/
/\_ - 4 = F?l
S f Y =3
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G. L.=50 Gate ot 60 —
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(c) Shape of specimen for fatigue crack propagation rate test.

Fig. 5.1 Shape of specimens
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Fig. 5.3 Stress-Strain curves of GFPC, GFPC-EP and GFPDMS-PC.
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Fig. 5.4 Fracture energy at temperature 296K and 243K as a function of deformation
rate by high-speed tensile test.

110



5.4

GFPDMS-PC
2 GFPC
GFPC GFPDMS-PC
5.1
GFPC-PDMS
56 GFPDMS-PC omax (OMPa
GFPDMS-PC 2 GFPC
5.7 GFPDMS-PC
GF
GF
2 GFPC-EP
PDMS

m

5.5

GFPC-EP

GFPC

SEM

GFPDMS-PC  GF



90

]
O g | camm AA A
=
%
£ 70 - o EBE A A
o
g 60 oo B B AA
1]
=
g 50 | @ m M A
% B GFPC
S 4 | ACGFPCEP @ ED = A
O© GFPDMS-PC
30
103 104 10° 106 107

Number of cyclesto failure N

Fig. 5.5 SN curves of fatigue test at stress rate R=0 and frequency f=5Hz.
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Fig. 5.6 Microscope micrographs of fracture surfaces of fatigue test.
(omax=70M Pa).
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Fig. 5.7 SEM micrographs of fracture surfaces of fatigue test.(omax=70MPa).
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Fig.5.9 Optical microscope micrographs of the fiber fracture state after
tensile test.
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Table 5.2 Critical fiber length and interfacial shear strength
estimated by formulas (5.5) and (5.6).

Critical fiber Interfacial shear
length strength
pm MPa
GFPC* 590 324
Ave. 223 91.4
GFPC-EP S.D. 54 25.6
Ave. 255 80.9
GFPC-PDMS S.D. 68 24.7

118

* Expected data from reference
39.
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Fig. 5.10 Stiffness ratios of fatigue test at stress rate R=0 and frequency f=5Hz.
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