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Detection of Delamination in CFRP structure using a

distributed optical fiber sensor
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CFRP prepreg Hot press CFRP laminate

Fig. 1.1.1 CFRP molding method
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Fig.2.1.1 Fiber optic sensors of single mode and multi-mode
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Fig. 2.2.1 ODiSI A-50 LUNA Technologies
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Fig. 2.2.2 Principle of Rayleigh scattering type sensor
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H53EE CFRP DM EF & 3BT
3.1 CFRP Offi AR Bl L OVl 51 2V

AT THW A ENE, CFRP 7'V 7L 7 (TR350C100S/ =%&~ 7 U 7 /LEER 41/ 150 X
150[mm] &7 0.093[mm] X 3.1.1) &7 7 13— F(150x35[mm] JE & 0.1[mm](X 3.1.2))
Th b,

Fig. 3.1.1 CFRP prepreg Fig. 3.1.2 Teflon sheet

* 4, CFRP i@ R4 ~7. 150mmx150mm D K= S Y)W L7= CFRP 7' U 7' L 7 60 ¥
EAAHE T IR TR CRIBRIC L CHERE L 7.
WA INE R FNE 2 7~ T. 313~ 3114 [ IMEROBRIFEH L-iEETH 5.

e —

Fig. 3.1.3 Floor board Fig. 3.1.4 Top board
(320 x 250 x 5mm) (180 x 180 x 4mm)
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Fig. 3.1.5 Suction port Fig. 3.1.6 Release agent
TR Industries

Fig. 3.1.7 Sealant tape Fig. 3.1.8 Screws to secure the spacer

Fig. 3.1.9 Spacer Fig. 3.1.10 Instant glue
(40x 10 X 4.5mm) WA kA

A .

Fig. 3.1.11 Breezer Fig. 3.1.12 Vacuum film
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Fig. 3.1.13 Compressor Fig. 3.1.14 Hot press machine
TESTER-SANGYO

BRI 2 PR & KR & A—H—(Z8 o 7.

PEEAI TR N Z5A N & R & B S8 7.

KM ORIZEDE TAR——ZEEL, AL TEDT.

AR —A— b ZAX—H— DT U — W — % AfLiAA, BREIDRZRNE 912 LTz,

th | CFEJE L 72 CFRP 2 3% & L7-.

KA OB —F > b7 —7 % 1 JERE D HF7=.

CFRP @ RIZ R AT, O LD RIAKREES X7V —WF—%, KK
BB ELICEZET 4V AEFRECRENTERNE Iy —F v v T —T L HZE
RPN TR DS

2T 4V AOWR O ZEADTSIZ R E DT, BROEZZLUAAVTERK D=2
Lyt —%o0F, ZRmhn2n & a2l Liztk, &~ v b7 L A BE(TESTER-
SANGYO) D =5 IZFR & L 7-.

By T VAOREZ 1 BT T130°CE T ER &, £0b & 2 FiH130°CE
REFT 2 X9 ITiRE L.

By N7 U ABEOIREE D 100°CIZ 72 - 72, £ 7)1% 40MPa lZ@% € L7z,

By N7 U AEOWRE N FEIRIZ /e 5 F TIERA L, CFRP ZHY L7,

RO LIECFRP 27 7 A U 1y X —TENENDOY A X|ZHD H L=,
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3.2 f#/l CFRP ¥ X

AWFIETIT 4 OB 2 FEpk L, B ABC & L7z, X321ICREA A, X322
(ZRBR A B &, X333 ICRERA C 2R d. EoBrA b CFRP ') 7' L2 60 & H & FiJE
L, 50 fcH & 51 B E IR IR 3B L LCTF 7 m oy — R &AL TR AT~ 7. HIE

EXEZLEE L TCOERZITWVI- WD, T 782033 — hOE% 35mm,45mm & 55mm 2%
NENEHRLTERLE.

Crack\ Fiber direction
45(35] 351 25
/~ 120 7

Fig. 3.2.1 Specimen A

Cracli Fiber direction
4503525 — 25
/- 120 7
Fig. 3.2.2 Specimen B

Cracli Fiber direction
o |
4.5 3.5_1_ 55 /2_5
/~ 120 7

Fig. 3.2.3 Specimen C
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AR 3 TR L B HIEERR 0 BIBEAT B 0 B A
4.1 HEHEE
ABFZETIE 3 ST 21TV, BB THOREOT AOMAEEZITo7-. X 4.1.1 (2R
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Fig. 4.1.5 Theoretical strain distribution of 35mm at 50 layers
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Fig. 4.1.7 Theoretical strain distribution of 55mm at 50 layers
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Fig. 4.2.1 Method and model of FEM analysis by force

Tablel Material constant of FEM ©

Material constant [GPa]

Ei1 137 E2s 9.76
Nu1 0.324 Nuz.3 0.324
G1 5.92 G23 3.69
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Fig. 4.3.4 3-point bending jig

(Shimadzu Corporation)
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Fig. 4.4.2 Strain distribution contour plot at 10th layers

27



2500

| i —Exp.(50)
|
. —FEM.(50
2000 : ' (50)
I | —Exp.(10)
£1500 ' ! —FEM.(10)
= | |
@ | |
& 1000 | |
| |
500 !
Delamination tip Load point
0 | |
20 40 60 80 100

Location[mm]
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Fig. 5.1.1 The first-order and second-order difference differential equation of measured strain
distribution on 3-point bending test and FEM analysis by 35mm delamination in 10 layers
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Fig. 5.1.2 The first-order and second-order difference differential equation of measured strain

distribution on 3-point bending test and FEM analysis by 35mm delamination in 50 layers
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Fig. 5.1.3 The first-order and second-order difference differential equation of measured strain
distribution on 3-point bending test and FEM analysis by 45mm delamination in 10 layers
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Fig. 5.1.4 The first-order and second-order difference differential equation of measured strain

distribution on 3-point bending test and FEM analysis by 45mm delamination in 50 layers
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Fig. 5.1.5 The first-order and second-order difference differential equation of measured strain
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Fig. 5.2.1 Disturbance distribution of tensile strain caused by 35mm delamination in 4.5mm thick
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Fig. 5.2.3 Disturbance distribution of compressive strain caused by 35mm delamination in 4.5mm
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