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Figure 1 Structural material mass ratio of the latest aircraft
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Figure 2. Microdroplet test
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Figure 7. Acetone

Figure 8. Isopropanol Figure 9. Ultrasonic cleaning process
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Figure 10. Resin : ARALDITE LYS5052,
Curing agent : ARADUR 5052 CH

Figure 11. Desiccator and Pump
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Figure 13. CNF dispersed water

Figure 12. CNF(2wt%) supplied by Kochi

Prefectural Paper Technology Center
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Figure 14. VaRTM process in this experiment
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Figure 15. Picture of VaRTM process in this experiment
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Figure 16. Surface treatment using VaRTM
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Figure 17. Drying furnace(ISUZU : SSR-111S) Figure 18. Multiple oven
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Figure 19. Servo-hydraulic testing machine

(Shimadzu Corporation) Figure 20. Picture of 3-point bending test

F
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Figure 21. 3-point bending test
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Figure 22. Average fiber volume fraction (Vf) of GFRP in 3-point bending static test
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Figure 23. Average fiber volume fraction (Vf) of GFRP in 3-point bending fatigue test
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Figure 25. FE—SEM( Hitachi, Ltd.) Figure 26. Sputtering machine
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Figure 27. glass cloth surface of untreatment (0wt%)
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(b)Center

(c)Outlet
Figure 28. The surface of the first glass cloth of the preform treated by CNF 0.001 wt%

3.0kV 13.7mm x50

Figure 29. The surface of the 20th glass cloth of the preform treated by CNF 0.001 wt%
(b)Center
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3.0kV 11.2mm x50 LM(UL)

Figure 30. The surface of the first glass cloth of the preform treated by CNF 0.01 wt%
(a)Inlet

3.0kV 12.5mm x50 LM(UL)

Figure 31. The surface of the 20th glass cloth of the preform treated by CNF 0.01 wt%
(b)Center

20



33 (2 CNF 2 0.1wt% Dy /K CRELEE L7727V 7 4 — 2 Bl 1 0B O (a)iEA DS
(O) PR () D E DA F %77, 0.01wt% L0 b S HICHE LI CNE D7) v V0 7 WGk
WENTZ. TV 7 —2 1 BBIZBWTEH ANZAT <1223 CNF OHERE &2 LT
WS FER L7272, K34 127U 7 4 — 2 20 K H O(a)iEA [ EB(b) H 955 (c) i 1 ERORE+-
oy W7 74 —5 1 FH TIEH N7 I ONHEREENEAD L Tholen, 71U 7
F—LOHHEORE L 72D 20 K H TiE CNF OHEFFERICKE 228 kix7e <, 7V 74 —24N
EE CHRELEPITEZBNTNDZ END0 o7, 0Awt%lE 7 ) 7+ —LFEALERD 7 ¢
IE—INROEEITNENEWNWZ D,

[ R R B L L
3.0kV 14.7mm x50 LM(UL) 1.00mm
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L
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(¢)Outlet
Figure 32. The surface of the first glass cloth of the preform treated by CNF 0.1 wt%
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3.0kV 14.2mm x50 LM(UL) 1.00mm 3.0kV 12.1mm x50 LM(UL)

(a)Inlet (b)Center

gkt 58y i ||||"I;
3.0kV 11.9mm x45 LM(UL) 1.00mm

(¢)Outlet
Figure 33. The surface of the 20th glass cloth of the preform treated by CNF 0.1 wt%
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3.0kV 13.2mm x50 LM(UL)

(a)Inlet (b)Center

3.0kV 13.3mm x50 LM(UL)
(¢)Outlet
Figure 34. The surface of the first glass cloth of the preform treated by CNF 0.5 wt%
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(b)Center

3.0kV 13.5mm x50 LM(UL

(c)Outlet
Figure 35. The surface of the 20th glass cloth of the preform treated by CNF 0.5 wt%
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Figure 36. Bending strength of 3-point bending static test
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Figure 37. Load-displacement diagram of GFRP 3-point static bending test (CNF 0 wt%)
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Displacement(mm)

Figure 38. Load-displacement diagram of GFRP 3-point static bending test (CNF 0.001 wt%)
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Figure 39. Load-displacement diagram of GFRP 3-point static bending test (CNF 0.01 wt%)
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Figure 40. Load-displacement diagram of GFRP 3-point static bending test (CNF 0.1 wt%)
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Figure 41. Load-displacement diagram of GFRP 3-point static bending test (CNF 0.5 wt%) (a)
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Figure 42. Load-displacement diagram of GFRP 3-point static bending test (CNF 0.5 wt%) (b)
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Figure 43. fracture surface of GFRP after 3-point bending static test (CNF0 wt%)
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2.0kV 13.2mm x2.00k SE(L)

[ I N | 1
3.0kV 9.5mm x2.00k SE(L) 20.0um

Figure 45. fracture surface of GFRP after 3-point bending static test (CNF 0.01 wt%)
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2.0kV 8.7mm x2.00k SE ' 20.0um

Figure 46. fracture surface of GFRP after 3-point bending static test (CNF 0.1 wt%)

— i B P ] Lo
3.0kV 8.7mm x2.00k SE(UL 20.0um

Figure 47. fracture surface of GFRP after 3-point bending static test (CNF 0.5 wt%)
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Figure 48. Fatigue life of GFRP treated by CNF
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Figure 49.Stiffness of GFRP treated by CNF under 308MPa
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Figure 50. Observation points of fracture surface of GFRP after fatigue test
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(a)0wt% (b)0.1wt%
Figure 51. Fracture surfa ce of GFRP after fatigue test in 396MPa
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Figure 52. Fracture surface of GFRP after fatigue tes t in 352MPa

3.0kV 9.0mm x2.00k 7 L I 20.0um
(a) OwWt% (b) 0.1wt%
Figure 53. Fracture surface of GFRP after fatigue test in 308MPa
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Figure 54. Observation point of GFRP after fatigue test.
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Figure 55. Fracture surface of GFRP after fatigue test
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