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A, MEFOME OBERITE L <720, RE, MMk, BEMREOFL RESRIZIS X 7R
X6, 20D, BMOMEICIEMmO THREETHH DT, ZNENOERIZHE
BT HOHMEIZHAGDOEDLE NI BXZREL, BETHRWIEIT TR, BH—METIEE
BRARARER R EZ B S HT Z LN TE2EAMEIE VI LbONRTE T,
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Z A 7 (CFRP: Carbon Fiber Reinforced Plastics) 235/EH S TW5. ZiLE TOHFZER
FEAIZ L0 a2 O SICEAM BN EA SN D L o2k, B787 (R—A v 7th)
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OFEOERIL, WAL OT — 2 &L —fEICEZD &, TICARERD D ROFMEEZIT 2 5.
WL~ P v 7 AN KELS B o LB RS Z b OEUUS DR EELL T2 D)X
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Table 1-1 Comparison of physical properties of various thermosetting and thermoplastic resin®

Thermosetting Thermoplastic
Property
Epoxy Polyester Nylon 6.6  Polypropylene PEEK
Density p [g/cm’] 11.-14 1.2-15 1.14 0.9 1.26-1.32
Young’s modulus E[GPa] 2.0-4.5 1.4-2.8 1.0-1.4 3.6
Poisson’s ratio v [-] 0.38-0.40 0.37-0.39 0.3 0.3 0.3
Tensile strength oy7s [GPa] 0.035-0.1 0.04-0.09 0.06-0.07 0.02-0.04 0.17
Strain at break ¢[%] 1-6 2 40-80 300 50
Coefficient of thermal expansion
60 100-200 90 110 47
a[10°K™]
Thermal conductivity X [W/(m - K)] 0.1 0.2 0.2 0.2 0.2
Melting point [*C] - - 265 164 334
Heat deformation rate [C] 50-200 50-110 120-150 80-120 150-200
Cure shrinkage [%] 1-2 4-8 - - -
Water absorption rate [%] 0.1-04 0.1-0.3 1.3 0.03 0.1

1-4-1 ZVEE AL A A

BERD I bAoAy, RAMAR) AT LVBIPE= LT AT LTH
L., INbEELELS OLFEERY ~—TliL, BIEOBIER L->0v0 LA L7z 3 koo
HEEEZ R L, (LFPRRREIC LV BEWERE 725, 2O, #EMEEEZE
D BT 0FEMNE, BEORI EBEEIKGFT D, AIEIZEN SN0 EEmIZ L -
T, BFITZF 2TV o TORBEBORIEAICE > THRES. 27V FIERTEH T
L0, HEOEBOWVWTIREOMEE 25572012, 5N LORO SRR 1 > F
PIEENU EORETIHEAT D57, 27 A7 NVEHVWDIONRLEE L. I HIZF
27 DTRERLZXI DR L, WEOELE VL T 57012, R EWIRE TR
EORA BN 27 OLEN UIZLIEITTDRS. £72, F27HORMESCS = 7H OB AN
B BUNHEIXEEMEIOREZIE DORIK L 72 5.

#Z 11 OFT—205, B EMERIRIZE TSRS T2 LR sl EEZ L 5T D
ZEMbNA., ZTNHOMET, FTHEETANEIAE, ZHBOBEBOTAR NN
ETHD. BRELIERBIIRIIARE e ML TH D23, BAFTEIMERIR I 2 0 O AT
Itz 5. X6, B{EEEOTR T, TOWEITERLRS. Fl2iE, =AR¥ix, —
BRIZAEEFIAR Y 227 AR =V AT L L0 §IEICE . S 5I12, =R UL R
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1-5 EaM B o RS T ik

BAEMEIOBEE 2 MEIL, TH2EET-00REHTchHD. BiEa R b, fibEE
Wi ENE, < B U w7 AR D Rtk B X OV O RS 2 Sk ET A b o T, Bl
EHMORELRBFMETH L. BEESHEORE TIX, &S ORELEEHMEID
B & I3 CRETROT TED 5N 5. F O OO REZREYIX, RIS U
WARFEDESRIEN Y T, MEO=—XZicLizbo T, $8ETEICHLE L
HLOTRIFNITR B 2N,

% < ORI HFEDNERL I TV D DBEIBEIIZ L0 58T 5 L ikx RIRIEIC ST 6
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(1) Sheet molding compound (SMC)

AU = AT IVRE & smm FREE OfkAE (R H 7 AMEKE) &R W oA . MiHE &
FI5mmICHIWr L, B L7 A b7 RICAR Y = 27 ViR & BRI, FRAlL NEEE
WK, BRI ERRA LB XU REERISE, RV A7 vy — Tl %
BN, IR AN K 0 BiE = X0 o R & 88k LIRHRG b L 72 & — MIRORIEHEE T
HD.

(2) Bulk molding compound (BMC)
WY T 2T OVEE L RRME (TS0 T AHE) 2 HWTeIB Gk, R YU = 27 VRIS
BURTERMEIR U~ —, REARF, FEEEFA, HPRGA, PEREETY, BERlERA L, ZhilTFa v
TARNTZ U REMAETD. == —REZHVWTEMRL THONZREMEITH 5.

(3) N7 R
AR IC L EIZIS U TRl A, A, EaH, ZEA, MILHZ DM ollE K%
Mz TIRML, ZOFEFEORETHREICHETHIZENTEIDLLICLEMEITHS.

@) 7y 7rvr

smA, vy b, B—E 7 SIS LTEBIELZ TR R S Tlni s &
PREAGIREEIC LTEEMEI CTH D, 7= /7 —VEIE, AU = X7 ViR, =% 85
IREFADTY SV T IO ANGFIEL, A— M L—T LT UV AREIC L D ERM
IR DRI, IRERBICE 28R EORBIHER S TWD. ZOME 2R3 5 ik
AR ATE & BIFEN TV D, — ORI IEIC R IEEEREN R Sy
2, RIBRERN LD, RO o bo— A NES, WO ERYRELNWARED
RSN S DK, KEMELE L TOFEMP D D=0k, RFICKED TR T D
AN



F1E s 5
FRP ORI HFIEIXZ DI E VX TH DN, ZOERLOEETLHE, UTOHO
N b.
Q) N R AT w7k

REFIR Y = 2TV & H T A2 O E 5. wiE - BIE kT 5V H R
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TR EZ NG 5. BIIEZ O FEICERT 20 LTE, a— VW RTVR, FYUI v 7R
TVR, TN TH—LT VA, BMC 7L A, SMC 7L R ENRNDHSH.

(4) HTHHRIEE

FHHEEE & M A W= IE 7 A, B U= is, MREEE 2 o HEEICLY
MR E S FEE L, &N TR U £ 72 3 S TR 2 ED kB k. AL 0B
MARERZ &b, T RAF v 7 RIBIEOR TIIRBE L L TWD. FRP 38 CTIE, AK
FEMEHBMC, 7' U 2 v 7 Aa /Ry Ry BREKEGS, HEIESS, TE%hLE LT
DREICIEZ LV R ST 5.

(5) Bl RRIEIE

SALANCITRGISCTr—E Y, v v N, ZOMO b O ELEICHAS D HE
AL R RERE I s S 40, BIIE 2 2R U 7o il 2 P e ORIIE & A BICHLH L CT—E D Wik
R EGT DX A4 AN A L, MEWE(L &, #ifE F 72 XMW rc sl ik & 3 2 s
EOZLEW)., BEue—E T EHERHLT, vy K, A7, T Iz EOR—K
Hx AT LHRROBEMZFELOIZH#E LTI HETH 5.

(6) RTM k%

FRP DM 2 W o jIE 1k, —MRICHERE—xf o FRP 82 vy, Z O —xf R0
BRI T OEILFIE LV N, Ty b, DL X7 =Ll EOA4 % — MbET)ZRE
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4 . d Sealing tape
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Fig.1.1 Overview of bagging of autoclave molding.

Fig.1.2 Autoclave.
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EARBEBNELRT L AL ERMERINTNAY, ZIck LT, BMEIal—
VB ENTEY, LA E THITHZ LT, RIEKEOR EXABFEIN TS, L
MUBL, MY I ab—va d3BENEL L, L 0OHERMZET 0%
MBI TIER W, 2 2 CEFFEPOEBERIBE L I 2L —va VORERRD LN TN S.
RIERBED—2Ths LbORADERFNE LT, N AWHRHT, fmohdh o mi,
BRI RZETF S 5. N ABHEERHLL picture-frame 3X52© F 72 1% bias-extension 5k
O FEHMI TR B L — 73RO, BRIT R0 125k RBRC O L o Il 5 2 &R T
XhH., INLOERMLELNTEYHELZMES I 21— a VIZEATDHIEIZEHST
AT EE 2 1) ESH D 2 ERRHEIC D, ElmEoMEClE, 7V 7V 71y y (RILT
JVIHR) REOFT Y ZFHI L TW AN E L Abng — T, VS LIIFY S
L7 R mo3 0 25l L TV SRR 72 0.

1-8 DSC(Differential Scanning Calorimetry)z 5

k& BYEWE & 2 Rl — P IS FRAGICECE L TINEY, wmAlL, £ O Om#E OB &
A L IRE OB E L THIET 2 EBRGETH 5. DSC BRI %X 1-3 127
7.

DSC HRBRICIZFEIZ =20 XA THRH 5.
(1) B AR 2 A2 EHE (BUik DSC)

ARE R O EEYE TR SN DR OIREZ, —ED07n 7 I LI Lo TEIIER
Mo, EOREE BEYE L OREEL, IREOREE LTRIET DL ZOIREZEIT,
BRI S 720 OB R L X — D A 12T HB T 5.

(2) AwifE BB ENTE (N DSC)

B M O HEE TR S M DB DIRE 2, —ED T r 7 T Al K-> TELSER
No, TORE R OEREWEORENE LD &9, WA ITMATZBARR Y720 O
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AREEEICEL WD EESND. 2RI LT, Ui DSC Tl —h v 2tk » T
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ELLDIFATHLREOT —Z 0N EGEoNn5Z &1 %<, ERELOEWIX DSC 05D iEn
LA DEBEBOFKHIEKAFT HENDOTBRENE NDALTWNS.

DSC HIE D FE 72 ik & LTIk, ffig, 77 Ak, fhiik, Bui{bz & o o, 2
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Fig.1-3 Schematic diagram of the DSC test.
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Fig.1-4 Ersoy’s experimental setup.
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Fig.1-5 Larberg’s experimental setup.
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Fig.2-1 Cure cycle of T700SC/2592.
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Fig.2-3 The pull-out CFRP prepreg/prepreg specimen.



Fig. 2-5 Attachment to the jig of the pull-out specimen.
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Fig.2-6 Schematic of experimental apparatus.



Fig2-7 Experimental setup.
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Fig. 2-8 Overview of the tensile testing machine.
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Fig.2-9 Overview of the mechanism of heat and pressure.



Fig.2-10

Rubber heater.

H2m FEBRITIE

Fig.2-11 Temperature controller.

Fig.2-12 Bolt-gauge.
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(c) € DAth DEERE
R ~EE, BE - ENE 250K 2-13 1T T IRE AN, 7RIS
< 2-14 O X 572k, BB AR, RELZHE L. £72M2-15 0L 5277
By — RETIVIRFREICHES L., £, Wi e LT 2-16 IR TRX—2 T4 b &
A, & =2 —OBDBIA~TRILD DEBIWTE.

Fig.2-13  Alminum plate (upper surface).

Fig.2-14 Alminum plate (side surface).



Fig.2-15 Aluminum plate adhered Teflon sheet.

R R R s e e

Fig.2-16 Thermal insulation material (bakelite).
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2-2-2 FEERFIE

AAFFETIX T700SC/2592 1 X Y T800S/3900-2B D 2 FHIHDFRER A I W THIE FTH LW
SN > 128k BR 2 il L7z, £7- 2 FEORER 12 L < DSC #Br & 17\, Bl
{EEOREZFEM L. LNICENENORR LR L ORREEZRT.
2-2-2-1 IR T ToO5 R
(a) T700SC/2592

2-3(a) 12~ L72[02]s (2 DWW CakBR 2 Sl L7=. 2 2-1 I3 K 51254k EIX 0.1,
1.0[mm/min], &£ F1% 0.1, 1.0[MPa] & L7=. F7=ikBh, 5IEATE F [N]& 24726 [mm],
BET[ClBLXOENZART LAV FORE P [NJZGE L. T AWMt [MPe]
ZWRA TR, FEM L.

= (2-1)

ST SERBEKOEM TH Y, RBASELRIC SN E(LL, A [mm] % BV TRAT
KdBID.
- 50 x B50 - (2-2)

(b) T800S/3900-2B

2-3 |27 L 72[02]s, [0/90/0]s, [0/45/-45/0]s @ 3 FEFH D FER A 12D CTRRBR A& £ L 7.
S E T 0.05, 0.5, 1.0[mm/min], &£ 771X 0.1, 1.0[MPa] & L 7=. #BRIZ5]148k & 20[mm]
FCEl L 7=,

Table 2-1 Pull-out test condition in room temp.

o . Stacki ¢ . Pull-out velocity Applied pressure
repre e acking sequence of specimens
Preg typ g 5¢d P [mm/min] [MPa]
T700SC/2592 [02]s 0.1,1.0

0.1,1.0

T800S/3900-2B  [0,]s, [0/90/0]s, [0/45/-45/0]s 0.05, 0.5, 1.0
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2-2-2-2  fEALSRAFICIR o T 5l BBk
(a) T700SC/2592

2-3(@)IZR L72[02]s (22 WT K 2-1 127 L7 LSRRI - TIREE 2 fil 48 L > 2o #Bk
R L7, £ 2-2 127 X 9128 HOE 1 0.01, 0.05, 0.1 [mm/min], &£ /71X 0.3[MPa]
ELTe. BBRIZ 7 v 2~y RE@ETIXHE A2 S, K 2-17 1IZ3RF K 912 3B O
SRR L7, F9RERF 7 v 2~y REE)) L) 72(a) continuous loading test, 2 2>AT D
BEEFAXBETI/r A~y REEIDL, BE—-EXE T ax~y K& D72 (b) ramp
loading test, 2 [ HDOIRE LA XTI v A~y REEI)L, ZRLADOXE T B 2~
> K% 1E® 72 (c) second ramp loading test ¢ 3 ¥ A 17> 7=.

(b) T800S/3900-2B

2-3(a) 127k L72[02]s (22T 2-2 127K L7 LA 129 » TR 2 HilfH L 225l
RN L2, £ 2-2 1R T X 95 H0EE X 0.01,0.05, 0.1[mm/min], &£ /1% 0.6[MPa]
E L7z, F72IK 2-3 1277 L72[0s]s, [0/90/0]s 35 & TN[0/45/-45/0]s (2 DWW T X 2-2 (/R LT
LSRR > TREZHIE L > >R A2 EhE L7z, ZoRRICB W TIEE 2-2 1277 X
I BIHEFE 1T 0.05[mm/min] & L ATTE /1% 0.6[MPa] & L7-.

Table 2-2 Pull-out test condition in cure cycle

Stacking sequence of  Pull-out velocity  Applied pressure

Type of prepreg specimens [mm/min] [MPa] Cure cycle
T700SC/2592 [02]s 0.01,0.05,0.1 0.3 Fig.2-1
[02]s 0.01,0.05,0.1
T800S/3900-2B [0]s, [0/90/0]s, 008 0.6 Fig.2-2

[0/45/-45/0]




Temp. [°C]

H2E
140
120
100
80 :
loading tes:t
60 | —
Sa:lz Continuous loadin% fiest ;
20
0 40 80 120 160

Time [min]
Fig.2-17 Cure cycle of T700SC/2592 and pull-out section.
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2-3 DSC 5

2-3-1 DSC ABRILE
DSC iR I37R A A BB FT DSC-60Plus(FR AU #1 I AR &2 O THEME L 72, Z 0
BPU | LRI 22 A BRI AE 21T O it DSC R T 5

Fig.2-18 Overview of DSC testing machine.

2-3-2 DSC RER ik

T700SC/2592 33 & TF T800S/3900-2B 1= D\ Takl 2 S L7=. X 2-19(@)iZRn T 7 /L2 =
U LAEERICERENE AT, X 2-19b)D X DIz U T Lie b D E K 2-18 1T R TR A A A L
BEHCHA L. BRI 5[mgl& L, U F L2720 F TRV D2 LT,
BEHEMEIIZOT VI =0 AEREAWE., BERFETEAZENAN 2-1 B X 2-21TR L
b TR A E L, BEAELZRAEL, RATHEEaE KD,

Blp
(2-3)

ZIT, HpIIFEAE, Hr TR BAETHD.

(b)

Fig.2-19 Crimp of the test piece.
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3-1 HIR T CTo5HalREs R
3-1-1 T7ooscy2592

< 3-1 (ZF I T Col#aE EE 1.0[mm/min], AffE/) 0.1 3 X O L.O[MPaJiZ 1) % faf -2
A AR %, l32 ZIRGMHIC BT D AWIE -l &2~ 3. £ 3-3 I2H IR T T°hl
PO 0.1[mm/min], AfTE S 0.1 B X 1.0[MPa]icks i) A AN HifR 2, X 3-4 (Z[F &%
TR BT B8 WIS -0 dhift 2 oR~4. 22T, ®3-18 LK 3-3 135 ERBE S H
NESNTHE FIN|OT—2Th b, £, RBREETEMIImmIZ X > TEIT D572
RER-DICE > T T 2RBRER A KO-, &5, RE-DICE > TEAWMIGC T ZRD =
LONRK32BLIVOK3-4THD.

X 3-2 XV, 5l43#EE 1.0[mm/min|ic B\ Tix, AffES 1.0[MPa]? 52 0.1[MPa] L v
EWE AN 2R T2 ERMERRTE D, F£72, X34 X0, 5IEEE 0.1[mm/min] T [F]
FRICARTES LOIMPa]D 3@ W AWNS 12 R~ 2 E DR TE 5. 20X H12, B
Zﬂmmu%ﬁqum@ﬁﬁ%m@h%mﬁ%%ﬁﬁ,*ﬁf,ﬁ%@%fiﬁﬁrﬁ
(AT TIRIERBEOF B 2R LTS, 2k, RO E L0 2.5[mm|LLIFE Tk,
ABTE NS B EZ FIE L CWDERN R DN B EEZOND. T74b b, 247 2.5[mm]
PAFECIX, CFRP Rl EDOBEEIZ L > THAMIS I N AL TWE 0, —FH T, BB T
CFRP [A HDEE T2 BRI OBIEOEAMER NI > TWH EEZSNDEY. 72K
&2%&@&4;@,Aﬁfﬁlqwmkiuouwmw#M®%é% 51 & B
1.0[mm/min] ® 5 3 0.1[mm/min] & 0 £ 2 fF @ W AMIS &2 R L TR Y, #ERTFMEZR
TZEDHERTED.

ULDREZE LD L, RBROMTIIEROBIEOTAMEENLZ D, FOBER
FENIRBATT D VI LT, EAMENB L OS5I HEEN KX 725 1T 88 A WG
NIMKREL 7252 EMHIA LT,
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Fig.3-1 Load - displacement curve of pull-out test.
(Room Temp., 1.0[mm/min])
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o
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Fig.3-2 Shear stress — displacement curve of pull-out test.
(Room temp., 1.0[mm/min])
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Fig.3-3  Load - displacement curve of pull-out test.
(Room Temp., 0.1[mm/min])
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Fig.3-4 Shear stress - displacement curve of pull-out test.

(Room temp., 0.1[mm/min])
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3-1-2 T800S/3900-2B

%] 3-5 (Z[02]s RER T D FIR T, 518 0.5[mm/min], &)L 0.1 3 L O 1.0[MPa]iZ s
J B E-EAL AR A, X 3-6 IC[RISMHIZ BT D WS - di R A R T

3-6 IZ/RT L H1Z, 1.0 BEL R 0AMPaDWT I DAMIEIITEB W T, REREMGEE
A AMMIICB W TEEFALL L TVWD I ERMRTES. 2T 311 2BV T
T700SC/2592 D5k ERTH B 5472 CFRP OB A KA )G BEEEF ~DOBITTH 5 &
Zzon5W. 72, WPFhOARENIZBW TS, 6L 2.5[mm]fHT T AR D&
ENHERTE 5. X6, FEEOR AW IO RN AWE ] 0.1[MPa] TIXZ AL 5[mm]fS
T, A7) LO[MPa]l CIEZANL 7[ImmlIc 6D . 2o X 91T, FAWIETI- f?ffmﬁaf%r%
ETFT 200, HAWMEREZES (5 EA) & BEET XD %H (ﬁidﬂf&?) vt QB3
WHTZHThHHEZEZLIND.

3-5 B LN 3-6 & [EEEIC, X 3-7~3-10 |2 [0/90/0]s 35 & UY[0/45/-45/0]s ik Bk F~ 0D faf EE-25
i Al KON AW J1-Z Ll 2 Z R d . E 5 HGEE 1.0[mm/min] ¥ L WY
0.05[mm/min]iZ BT & FEEICK 3-11~3-22 |[ZRT. ARESIDORETH LN, 2 DD
% FRVC (X 3-8 : [0/90/0]s, 0.5[mm/min], [X] 3-22 : [0/45/-45/0]s, 0.05[mm/min]), £
JE/) 1.0[MPa]®1E 9 A 0.1[MPa] L ¥ b E W EAWIG N2 R+ Z LR TE 5. £/, 5l
POHE DORBIZOWTE, FEOREERERR X OAMENR L Tlhid 25 &, sl80EEN
REWIZE, FAWISTELS 20, #EKRMFEZRLE. 12K 3-6 ITBW TR LN
ZNL UMM BT 2 ZFBOENTH L, KNDETHDHDODETOLRMIZIHE W THER
ST, E£72, BIHGEE 1.0 B X OV0.5[mm/min] TiX, 27 2.5[mm] TH AW D2 H
MR S NT=78, BIHGHEE 0.05[mm/min] TiE, BAMIS DO TIFXEEIT/NER D TH -
To. ZAUE, SHREEN/NIWE X, SAUMEEOBENELS, /S RBEETD Wi
MICEE D7D ThbrEEZLND.
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Fig.3-5 Load — displacement curve of pull-out test.
(Room temp., 0.5[mm/min], [02]s)
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10 15
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Fig.3-6 Shear stress - displacement curve of pull-out test.
(Room temp., 0.5[mm/min], [02]s)
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Fig.3-7 Load — displacement curve of pull-out test.
(Room temp., 0.5[mm/min], [0/90/0]s)
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Fig.3-8  Shear stress — displacement curve of pull-out test.
(Room temp., 0.5[mm/min], [0/90/0]s)
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Load — displacement curve of pull-out test.
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Shear stress — displacement curve of pull-out test.

(Room temp., 0.5[mm/min], [0/45/-45/0]s)
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Fig.3-11  Load - displacement curve of pull-out test.
(Room temp., 1.0[mm/min], [02]s)

1.2
—— 0.1 [MPa]
I - e— 1.0 MPa] | -
/Cr"a"'ﬁ a—-0+0
= 08 )
& =T T ' gl i
2 g
b £
2 0.6 4
5 ot/
2 04 o fsilh
I
0.2 LAy ey
/
O “J'
0 5 10 15

Displacement [mm]

Fig.3-12  Shear stress - displacement curve of pull-out test.
(Room temp., 1.0[mm/min], [02]s)
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Fig.3-13  Load - displacement curve of pull-out test.
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Fig.3-14  Shear stress — displacement curve of pull-out test.
(Room temp., 1.0[mm/min], [0/90/0]s)
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Fig.3-16  Shear stress — displacement curve of pull-out test.
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Fig.3-17  Load — displacement curve of pull-out test.
(Room temp., 0.05[mm/min], [02]s)
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Fig.3-18  Shear stress - displacement curve of pull-out test.
(Room temp., 0.05[mm/min], [02]s)
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Fig.3-19  Load - displacement curve of pull-out test.
(Room temp., 0.05[mm/min], [0/90/0]s)
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Fig.3-20  Shear stress — displacement curve of pull-out test.
(Room temp., 0.05[mm/min], [0/90/0]s)
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Fig.3-21  Load - displacement curve of pull-out test.
(Room temp., 0.05[mm/min], [0/45/-45/0]s)
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Fig.3-22  Shear stress — displacement curve of pull-out test.
(Room temp., 0.05[mm/min], [0/45/-45/0]s)
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T700SC/2592 58k )i > DSC &Rk K % [X] 3-23 (27”3, DSC 3B I =1 EHOMEL, A,
LRAREOBNNT 21T OB TH Y, CFRP OB Y, THME, mH, ZEIRED X
DI DIREIREE R D LOEZPET DL, UTO X ICREBRT — % Offise 217 5 &
ERHD.

3-23 DODERSY T DSC WMFIE—E 2> TWNWD Z ENGND. Z O IERARIL
MWERITHKT L, EFIREIZZR>TWnD7d, ODOFZ O DSC 230 L7805 K 5 I a1T
9. WITIREZENBEL TWDHQ, @DHE 4D DSC NAERE L 72 D72, HFEIZ/e D K
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SEEITHOT- b DO%EK 3-24 (127, 22T 324 1I2BWTC, ®, ®@DOEDIZB W TRERE
Ry LI DT, T TR—RATA UM EIT). N—RATA UHEEITOEOIL, ©®
BLUOODOEHS G, QOB HERE G & (X 3-25), 2 KOEMDESEFI 2 &
T, [X3-26 (2T iRk 72 DSC-FRER] AR NG DAL 5. R 6 AR I 1T 2 53 EVE: Hy
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Fig.3-23 DSC - time curve of T700SC/2592.
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Fig.3-24 DSC - time curve of T700SC/2592 (complement 1).
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Fig.3-26 DSC — time curve of T700SC/2592 (complement 3).
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Fig.3-27 Time change of heat reaction and temperature.
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Fig.3-28 Time change of cure extent and temperature.
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3-33 (2R L ST o 72 513 BR  (Continuous loading test) (2351 5 ¥ AWt J7-28 071
% ~9. (@)lzl iﬁﬁﬂ:ﬂt%, (OITIXREALE % & B IR LTz, if:, [FARIZE 3-34 12
Ramp loading test, [X 3-35 (Z Second ramp loading test ot AWt his 77-Z8 A7 dhifg % 79

[%] 3-33(a) & W Continuous loading test IZ I W THIHEHEE DK E WIE EF AWML TN KX <
IRDHLENHERTE D, £, AN 0 A~y RE@h) LIk - BRI L VK
100 & ICRBICHIINL TWa . £/, HIR T ToORE (X 3-4) (2t~ FFEFITEVEA
Wit D &2 R LTS, ZOX WIS ORI K OIR - A WS ) 2R O Bk
RNRBRPICE L L2 Tho EE L BND. X 3-33(b) & 0 iR BRBE A& 100 75 f(ﬁb
AW I D272 BN B BB 28, 2 OFARFLNIAE AL FE 23 2 B3 2 B &

—H LTS, XoT, EAWSHORMAREMNX, ik s %@fik%i%hé. i
7o, RBOMCITEENMES, BENREALTEZONWIREThH- 72720, RV E A WIS
TREERLTZEEZZOND.

<] 3-34(a) & ¥, Ramp loading test (2B W T SIHEHE N R E < 72 512 EHF WIS 123K
ELBRDIEVHERTED. £12, 7B A~y RZIED T, REZ —EICHK 72X (30
~90[min]d KON 120[min] LAKE) TIZIL SIEfMNEE X TE Y, 2EIBOFEN LY K& JSH
BN > T3, 3-33(a) L b5 &, R KREAWIS 711E Continuous loading test
DFBIEFICRERMEEZRIL TS, L, 2 [BHOIEE EFXE(90~120[min)iZ 1)
L WS T ORI, & 2-1 1287 K 5 1251 #kE E 1.0[mm/min] T /& Continuous loading
test /% 0.25[MPa], Ramp loading test 7% 0.22[MPa] T& v, 5143 E 0.05[mm/min] T 0.10
¥ L T8 0.11[MPa], 0.01[mm/min] T 0.02 3 L X 0.02[MPa] TH ¥, 1F& A EHHICEMN R,
ST X 3-34b) LV 7 v A~y RE#E)D L7 X[ (0~30[min]Fs & O 90~120[min])
IZBWTHAWS T OEINEZ g4 5 & 0~30[min] D A Wi 71 O & & b,
90~120[min] D AW F ORMED F AKX N E AR TEX S, Z1iE, 0~30[min]ic
BWTIEEAEA TE ST, 90~120[min[iZ B W TIH LN HEA TS Z ERRIN & E 2
bILD. EBIT, Z7uaA~y REEdzX# (30~90[min]d L TN 120[min]LAKE) T Z %
JEFTFEFNZ DWW T S ELRTO T /NS WIS g2~ U, #8608 K& s Nigfn %
ARLTWD.

3-35(a) L ¥, Second ramp loading test IZRBWTH B4 E N K& < 72 51F EF AWML
INRKREL D EDERTE S, £/2, JuA~v R %Jt&)tlilaﬁ (120[min]LAKE) T
I TN & TV A A, X 3-34(a) D Ramp loading test (235 1) 2 [A X O ks J1Ef L 0
b lpoTz. S5, 2BHDIRE EAXHE (90~ 120[m|n]) BT D AW ST DB
&L, 3 2-1 1279 X 95 125 1#0#EE 0.1, 0.05, 0.01[mm/min]iZ >\ T Z 4 0.12, 0.02,
0.01[MPa] & [X] 3-33(a)Continuous loading test 35 &2 O¥X| 3-34(a)Ramp loading test & kb, FEF
IZARVMEZ 7R L7=.  ZHuid Continuous loading test 35 & OY Ramp loading test C i #) D
FHXRE (0~30[min]) TZ v A~y RZ#EI/)HNL TWDHDIZK L, Second ramp loading test

T B ANy REHNPL TWRWI ERFERTHDL LEAOND. TRDLLREMDIRE
FHREXMToOZEEN 2B HOEE FRXBTOREEIIRKEEELHE2T-E20N5.
3-35(b) & ¥ Second ramp loading test TIXEE L3 HEA TRV, HIAE K & 22V RRET
2 ANy REE)L TV, 202 ENKK E 72 Second ramp loading test 23 il D 7R
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UEDfEREELDD &, SIHAEENRES S RDIFIEEAMICHNRE 2D 2 L34
WL, E£7EARICEENE OREBIZR B Z 2T, BRI ORIE DO S 7> IREE T

EEAWIS 2R L, BEAET &L mWEARIS ) 2R 2 S L.

Table 2-1 Increase quantity of shear stress

Test type \\Pull-out rate 0.01 [mm/min] 0.05 [mm/min] 0.1 [mm/min]
Continuous loading test 0.02mm 0.10mm 0.25mm
Ramp loading test 0.02mm 0.11mm 0.22mm
Second ramp loading test 0.01mm 0.02mm 0.12mm
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Fig.3-33 Shear stress — time curve of continuous loading test.
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Fig.3-34  Shear stress — time curve of ramp loading test
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3-36 TSR o o BRI & e D5 EIZ DWW THEM L7z & & OH AW
i J-HE Eh AR 2 R, @ISR LS 2, (D)3 bEE & i Lz, £72K 3-37 1
B DB ORER A CHlHBR A EhE L7 b OO AWHS S-FER #2297, X 3-36
ERBRIC@QITITL S %2, (O)IITmfLE % & L IR LT,

3-36(a) L ¥, ARBRBAAA L 0 960 0 NI WEAWISIIRIEETH D Z L VR TX 5.
F72, RBRBAMA L VK60 0 E CIHBIEHEIC K D2 AWIS I OZETIZEAERLRRVNR,
60 S LARRIZ SN R EWIZ EFAWIS NN RELS 2o TWD. 7o, ¥ 3-36(b) &LV,
60 43 LARE D& AW 1 DO ¥EINE R NGRS D BAIEREZ] L 1ZIE—FH L T 5.

3-37(a) & ¥, BB BA LG 2> 5 K50 73 £ TIX[0]s 23 e & K & 72 AWS 71 %7~ L, [0/90/0]s
¥ K ON0/45/-45/0]s 1 TR NEAWIE N &2 R L, BB OZZER N D D 2 LR HRTE 5. %
72, 150 pEiE7=H7- 0 T, [0/90/0]s I L ON[0/45/-45/0]s 13 K & 7o ¥ AWHIS ) &2 D
XL, [Oosid/hERBTAWIGEHERL TWAD. &612, REBREIMGERN 120 5B L2H
720 CETORBRIICE W TEAWIS ORI S, ZIVLAREIL[0,]s 23 FF OV
K& 228 AW /) %27~ L, [0/90/0]s 35 & ON[0/45/-45/0]s 1£[02]s & Eb~ME & A WG 77 % o
L.

3-37(b) L v, WAL ITRBREIMED B 50 DRI E > TWNWDH I EDNHERTE 5.
ZDOZELY, BHEOBALRISONAE D RTIZ[0]s 28K & 22 AW 24 L, [0/90/0]s 35
L OV[0/45/-45/0]s 1T A WEFE A2 B T2 2 ENHBH L=, Lo L, LG 46 - C
DHIXZEENNE DY, [0]s DFMENEAWIE I EZ/RL TWD. £, £ 120 /»f%iE Lz
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Fig.3-36  Shear stress — time curve of pull-out test.
(Effect of pull-out rate)
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3-3 %%“/I/ﬂ:
LSRR o T o[ RS R IO TE T b T o 72 Maxwell%?ﬂﬂi}HSSS z
Y. E| ié‘éﬁ@, NIKEETHD. I EOTHEZNENG, &, TNENOREMBS
B35, I EOTHOBARITIRO LS ICRIAIND.

= [y, = (3-1)
= (3-2)
e= B+ (3-3)
o= + (3-4)

SHICINLDOREERT HZ LI2LD,

o = Ee+ B, = Ee+ BoR- (3-5)

[9]

2] =

26, = ~ o~ g, (3-6)

KGB-9B LOKG-6) B\ THMER E 28 VMR G2, & oz AWML I, O3 e
ERHAMOT Byl 35 EXB-39TRT L9

T= Gy+ B, = Gy+ #z- (3-7)
i
g = 2o, = Y- m,0 (3-8)
LT HENTED.

(13-28 L 0 AL LR LA K V90 R ICAICEITL TWAH Z LR TE 5. £
ZTCTETMEIZTE W TIXRBRBA A > 590 %ﬁﬂﬂ%%i D, 1200 % ICEE LS 5E T LTz &
WEL, G B BLUOyNEICE>TEET b0 E Lz, b OMEESZ VT,
518 0.1, 0.05, 0.01 [mm/min]iZ &} % Continuous loading test, Ramp loading test 35 X O
Second ramp loading test ® % L2 3L OFRERIZ I 1T 2 A WS J1—REE B4R 2 MATLAB (2 &
STER L. GHEICH W= MATLAB O 7 11 75 AZAH§%IZ =9, ) Continuous loading test
IZBTDET VAKX 3-40 1ITRT . FIFERFER & O 4[4 3-31 12777, Ramp loading test
& Second ramp loading test (22T & [AARIZ K] 3-42~3-45 |27,

[¥] 3-40 X ¥ Continuous loading test (33 1T % &7 /L ILkE s £ 7 110 L 0l EEREER &
OMEARIZ K BRI D BABIZ LD AWIS DO RN ZRBETETWVHEEZ LN
5. K 3411281 5TV & FERFE RO HEIZ W TIEERBR R 4R (2D W TR R AY &
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3-42 X » Ramp loading test (23317 % & /L1 Continuous loading test & [al45 (2 4k 5 £
TNZ Ko THEERFENRRILIN TS, 78 AxA~y REIEDO7-XH (30~90,
120~180[min]) TIXS /BN KT TEX TV D, K343 L EBRFER LT VT I —%
HETWND.,

3-44 X v Second ramp loading test (237 % <& 7 /L 1% Ramp loading test & [RIAR (kS sEME
BTN L o THRERMFEMEB TS TIEMAERBILTE TS, 3-45 L0 ERFEREET
ST LW —E &R g T 5.

SBIOET T TIFFEFICEHHERET V2 W o), ERGR & TREN AL D
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ETHZE, FVEMRETALERACDSZ LICL - TRHEZM ESELZENARETHD
EEZLND.



3

A

E
Fig.3-38 Maxwell model.

Vs

r 3
D) %

A

Y

Fig.3-39 Maxwell model on shear stress.

FEBRAE R L OB %R 57



FHI3F FEBHIRE L OB 58

0.8 |
07 |[* = 0.1 imm/min] Model /
= = 0.05 [mm/min] Model /

* = 0.01 [mm/min] Model /

0.6 /
0.5

0.4 /
0.3 -

Shear Stress [MPa]

Time [min]

Fig.3-40 Shear stress — time curve of friction models of continuous loading test.

0.8 l |

= 0.1 [mm/min] Experiment
0.7 ||=—0.05 [mm/min] Experiment il |
’ = 0.01 [mm/min] Experiment

+ == 0.1 [mm/min] Model
0.6 L* = 0.05 [mm/min] Model
* == 0.01 [mm/min] Model

0.5

Shear Stress [MPa]

0 50 100 150

Time [min]

Fig.3-41 Comparison of shear stress — time curve of friction models of continuous loading test.
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Fig.3-43 Comparison of shear stress — time curve of friction models of ramp loading test.
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f+ & MATLAB 7w 7 7 A
- Continuous loading test
n=180;

G=zeros(n+1,1);
G_hat=zeros(n+1,1);

eta=zeros(n+1,1);

gamma_01=zeros(n+1,1);
gamma_dot_0l=zeros(n+1,1);
gamma_D _0l1l=zeros(n+1,1);
gamma_D_dot_0l=zeros(n+1,1);

tau _Ol=zeros(n+1);

gamma_005=zeros(n+1,1);
gamma_dot _005=zeros(n+1,1);

gamma_D_005=zeros(n+1,1);

gamma_D _ dot _005=zeros(n+1,1);

tau_005=zeros(n+1);

gamma_001=zeros(n+1,1);
gamma_dot_001=zeros(n+1,1);

gamma_D_001=zeros(n+1,1);

gamma_D _dot_001=zeros(n+1,1);

tau_001=zeros(n+1);

time=zeros(n+1,1);

for i=1:91

G(i)=0.01;

G _hat(i)=0.01;
eta(i)=0.1;

(REZS
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end

G _end=0.04;

G_hat_end=0.03;

eta_end=0.5;

for i=92:121
G(i)=0.01+(G_end-0.01)*(i-91)/30;
G _hat(i)=0.01+(G_hat_end-0.01)*(i-91)/30;
eta(i)=0.1+(eta_end-0.1)*(i-91)/30;

end

for i=122:181

G(i)=G_end;
G_hat(i)=G_hat_end;

eta(i)=eta_end;

end

for i=1:n+1
gamma_dot_01(i)=0.1;
gamma_dot _005(i)=0.05;
gamma_dot _001(i)=0.01;

end

for i=1:n+1
time(i)=i-1;

end

for i=1:n



ek 61

gamma_01(itl)=gamma_01(i)+gamma_dot_01(i)*(time(i+1)-time(i));

gamma_005(i+t1)=gamma_005(i)+gamma_dot_005(i)*(time(i+1)-time(i));

gamma_001(i+1)=gamma_001(i)+gamma_dot_001(i)*(time(i+1)-time(i));

end

for i=1:n

gamma_D_ dot _01(i)=G_hat(i)/eta(i)*(gamma_01(i)-gamma_D_01(i));

gamma_D_01(i+1l)=gamma_D_O01(i)+gamma_D_dot_01(i)*(time(i+1)-time(i

));

gamma_D _ dot _005(i)=G_hat(i)/eta(i)*(gamma_005(i)-gamma_D _005(i));

gamma_D_005(i+1)=gamma_D_005(i)+gamma_D_dot_005(i)*(time(i+1)-ti

me(i));

gamma_D _dot_001(i)=G_hat(i)/eta(i)*(gamma_001(i)-gamma_D_001(i));

gamma_D_001(i+1)=gamma_D_001(i)+gamma_D_dot_00L1(i)*(time(i+1)-ti
me(i));

tau_01(i+1)=G(i+1l)*gamma_01(i+1)+G_hat(i+1)*(gamma_O01l(i+1l)-gamma_
D _01(i+1));

tau_005(i+1)=G(i+1)*gamma_005(i+1)+G_hat(i+1)*(gamma_005(i+1)-gam
ma_D_005(i+1));
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tau_001(i+1)=G(i+1)*gamma_001(i+1)+G_hat(i+1)*(gamma_001(i+1)-gam
ma_D _001(i+1));

end
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- Ramp loading test
n=180;

m1=30;
m2=90;
m3=120;

G=zeros(n,1);
G_hat=zeros(n,1);

eta=zeros(n,1);

gamma_01l=zeros(n+1,1);
gamma_dot_0l=zeros(n+1,1);
gamma_D _0l1l=zeros(n+1,1);
gamma_D_dot_0l=zeros(n+1,1);

tau _Ol=zeros(n+1);

gamma_005=zeros(n+1,1);
gamma_dot _005=zeros(n+1,1);
gamma_D _005=zeros(n+1,1);
gamma_D _ dot _005=zeros(n+1,1);

tau_005=zeros(n+1);

gamma_001=zeros(n+1,1);
gamma_dot _001=zeros(n+1,1);
gamma_D _001=zeros(n+1,1);
gamma_D _dot_001=zeros(n+1,1);

tau_001=zeros(n+1);

time=zeros(n+1,1);

for i=1:91
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G(i)=0.01;
G_hat(i)=0.01;
eta(i)=0.1;

end

G _end=0.04;

G_hat_end=0.03;

eta_end=0.5;

for i=92:121
G(i)=0.01+(G_end-0.01)*(i-91)/30;
G _hat(i)=0.01+(G_hat_end-0.01)*(i-91)/30;
eta(i)=0.1+(eta_end-0.1)*(i-91)/30;

end

for i=122:181

G(i)=G_end;
G _hat(i)=G_hat_end;

eta(i)=eta_end;

end

for i=1:ml1+1
gamma_dot_01(i)=0.1;
gamma_dot _005(i)=0.05;
gamma_dot _001(i)=0.01;

end

for i=m2+1:m3+1

gamma_dot_01(i)=0.1;
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gamma_dot _005(i)=0.05;
gamma_dot _001(i)=0.01;

end

for i=1:n+1
time(i)=i-1;

end

for i=1:n

gamma_01(itl)=gamma_01(i)+gamma_dot_01(i)*(time(i+1)-time(i));

gamma_005(i+t1)=gamma_005(i)+gamma_dot_005(i)*(time(i+1)-time(i));

gamma_001(i+1)=gamma_001(i)+gamma_dot_001(i)*(time(i+1)-time(i));

end

for i=1:n

gamma_D_dot_01(i)=G_hat(i)/eta(i)*(gamma_01(i)-gamma_D_01(i));

gamma_D_01(i+1l)=gamma_D_O01(i)+gamma_D_dot_01(i)*(time(i+1)-time(i

));

gamma_D _ dot _005(i)=G_hat(i)/eta(i)*(gamma_005(i)-gamma_D _005(i));

gamma_D_005(i+1)=gamma_D_005(i)+gamma_D_dot_005(i)*(time(i+1)-ti

me(i));

gamma_D _dot_001(i)=G_hat(i)/eta(i)*(gamma_001(i)-gamma_D_001(i));

gamma_D_001(i+1)=gamma_D_001(i)+gamma_D_dot_00L1(i)*(time(i+1)-ti
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me(i));

tau_01(i+1)=G(i+1l)*gamma_01(i+1)+G_hat(i+1)*(gamma_O01l(i+1l)-gamma_
D _01(i+1));

tau_005(i+1)=G(i+1)*gamma_005(i+1)+G_hat(i+1)*(gamma_005(i+1)-gam
ma_D_005(i+1));

tau_001(i+1)=G(i+1)*gamma_001(i+1)+G_hat(i+1)*(gamma_001(i+1)-gam
ma_D _001(i+1));

end



f+é% 67

- Second ramp loading test
n=180;

m1=90;
m2=120;

G=zeros(n,1);
G_hat=zeros(n,1);

eta=zeros(n,1);

gamma_01l=zeros(n+1,1);
gamma_dot_0l=zeros(n+1,1);
gamma_D _0l1l=zeros(n+1,1);
gamma_D_dot_0l=zeros(n+1,1);

tau _Ol=zeros(n+1);

gamma_005=zeros(n+1,1);
gamma_dot_005=zeros(n+1,1);
gamma_D _005=zeros(n+1,1);
gamma_D _ dot _005=zeros(n+1,1);

tau_005=zeros(n+1);
gamma_001=zeros(n+1,1);
gamma_dot_00l1=zeros(n+1,1);
gamma_D _001=zeros(n+1,1);
gamma_D _dot_001=zeros(n+1,1);
tau_001=zeros(n+1);
time=zeros(n+1,1);

for i=1:91

G(i)=0.01;
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G_hat(i)=0.01;
eta(i)=0.1;

end

G _end=0.04;
G_hat_end=0.03;
eta_end=0.5;

for i=92:121
G(i)=0.01+(G_end-0.01)*(i-91)/30;
G _hat(i)=0.01+(G_hat_end-0.01)*(i-91)/30;
eta(i)=0.1+(eta_end-0.1)*(i-91)/30;

end

for i=122:181
G(i)=G_end;
G_hat(i)=G_hat_end;
eta(i)=eta_end;

end

for i=ml+1:m2+1
gamma_dot_01(i)=0.1;
gamma_dot _005(i)=0.05;

gamma_dot _001(i)=0.01;

end

for i=1:n+1
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time(i)=i-1;

end

for i=1:n

gamma_01(itl)=gamma_01(i)+gamma_dot_01(i)*(time(i+1)-time(i));

gamma_005(i+t1)=gamma_005(i)+gamma_dot_005(i)*(time(i+1)-time(i));

gamma_001(i+1)=gamma_001(i)+gamma_dot_001(i)*(time(i+1)-time(i));

end

for i=1:n

gamma_D_dot _01(i)=G_hat(i)/eta(i)*(gamma_01(i)-gamma_D_01(i));

gamma_D_01(i+1l)=gamma_D_O01(i)+gamma_D_dot_01(i)*(time(i+1)-time(i

));

gamma_D _ dot _005(i)=G_hat(i)/eta(i)*(gamma_005(i)-gamma_D _005(i));

gamma_D_005(i+1)=gamma_D_005(i)+gamma_D_dot_005(i)*(time(i+1)-ti

me(i));

gamma_D _dot_001(i)=G_hat(i)/eta(i)*(gamma_001(i)-gamma_D_001(i));

gamma_D_001(i+1)=gamma_D_001(i)+gamma_D_dot_00L1(i)*(time(i+1)-ti
me(i));

tau_01(i+1)=G(i+1l)*gamma_01(i+1)+G_hat(i+1)*(gamma_O01l(i+1l)-gamma_
D _01(i+1));
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tau_005(i+1)=G(i+1)*gamma_005(i+1)+G_hat(i+1)*(gamma_005(i+1)-gam
ma_D _005(i+1));

tau_001(i+1)=G(i+1)*gamma_001(i+1)+G_hat(i+1)*(gamma_001(i+1)-gam
ma_D_001(i+1));

end
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