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Abstract

In this paper, the tension-compression fatigue test method and the fatigue life characteristics of
carbon fabric/epoxy laminate coupon are presented. To avoid the buckling during the compression, a
proper design for the test coupons is essential. The critical buckling loads for the coupons are
calculated by assuming the coupons as columns under two types of fixed conditions. The first is that
both ends of each coupon are perfectly clamped, the second is that both ends of each coupon are
simply supported. The strain-load curves are obtained by compressing the representative coupons, on
each surface of which a strain gage is attached. The buckling loads obtained from the tests are all
between the two calculated critical buckling loads.

All the coupons are broken by the compression during the fatigue tests. It is estimated to be the
reason that the fatigue load causes delamination before the eventual failure of each coupon, and
sequentially the micro-buckling in the delaminated region drives each coupon into fatigue failure during
the compression. The S-N curve, the fatigue life characteristics of carbon fabric/epoxy is obtained.
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Fig. 2.1 A schematic coupon shape.
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Table 2.1 Longitudinal material properties of

carbon fabric/epoxy laminates

22 |UM(GPa)| BZ(MPa) | ASTM #
OIEAY | 60.632 | 710.445 D3039
otEAlE | 54.314 | 428.485 D3410
ZENE | 40.304 | 698.078 D790
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p =T LE;’ (2.2)
P, : buckling critical load
E, : bending rigidity
L . length of column
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Table 2.2 Critical buckling load as L = 40 mm
&s 2
I = 28.224 [ mm' )
P, = 28,0741 [N
Clamped
O = 477.5 { MPa ]
Simply P, = 7,0185[N]
Supported Cor = 119.4 [ MPa }

Table 2.3 Critical buckling load as L = 25 mm

8= at
1 = 28.224 [ mm?]
Clamped P, =718696[N]
Oy = 1,222.3 [ MPa )
Simply P, =1797.4[N]
Supported Oy = 3056 [MPa]
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Stress-Strain Curve during the Compressive Load
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Fig. 2.2 The stress—strain curve of a coupon
( L =40 mm) during the compressive load
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Fig. 2.2 The stress—strain curve of a coupon
( L =25 mm) during the compressive load
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YeAoz AL AeAFE Aztad
249 &, J2Ao)EF B2 EHET.
7};}1}]3—] SN AEE
power law)dl 4 3.12 BT

5

B
=

A A4 d(classical
=
KS*N=1

4 31004 k4
InN o ¥ AFFAHY
ddx=z 9L 7 5FH,
N; ol thaleq A A5 H(least square method)S
olg5ld Ko p & AMNFLZ SN MxE ¢

g + 9k

-62-

YRty o EAge P25y @4
o Atk wEkd ded PEsd
dojA SN MEzE= 27} Bl o]a1
A3t o] FAAL Weibull REFAEE &
H2FY, N, & Weibull QAQ 52 A3
SN MZ& ded

3

;j rlr
Hd |o r‘-{n:

r‘i’
A2
St rﬂd
by o

“

Fol

2.1 OISRt Weibull 2%
229 W (random variable), X 7} o}#} 23}
22 FHEEE /12 4, 34U3, o 9 94X

A, B Y Weibull #XE 7}Hctn Ji},

Fx)=P,{ X<x}
r-eof-(3]

714 x>0 0l Fux) © x 29 ZAY 2
T X 9 754 JYehdd 84
ZREH n 23¢9 dolE(y, <x2, ..... <x,,)7} F

olA& 9ol medium rank 3 Qlata o}l

(3.2)

0) =

2 e
2 P

g o] WA rﬂOlEMZH “1“3%2}1:%&
A kide
_—1 — j— P’
Frp=1--204 (33)
# ) 2 A (maximum-likelihood method) 2 2

gyoz dojx dHoHERH
of#] g} o] dEr}

z\nlnxf 0

medium  rank
Weibull QAN a, B

2‘75," lnx,'_L_

=

= = (3.4)
.2'1"' ¢
. qla

=+ 2t | (35)
A=0 9 dAFE ¥7] 9% EFHAHL wE
s8-& Newton-Raphson B& AH&3tE Aot o
714 GrDEA d&Ed SAR, g, v o 2

HE ofgfe] 4oz Fojzrh
%= =R QI () (36)



AR, o 7 AAA T ds) FLsitn 7}
A&, ¢ 9 pooled estimatione 2+ 31FH S o
ZAY vlolele y;=1,/8 % Zol EEHFL
24 78 £ o 2F3E gEY HoIabg

[o]
- RARS

gji;:lyg Iny; _%
P

'B‘.:[—l’; 3 yg ]l/a‘

where i=1, 2, .., m

_ g;lny.’i 0
nem

(3.7

(38

2 373 4 38% 4] 349 4 359 vpAstR
2 Newton-Raphson §& ol 43tq & + ok

4. A

B dFdME J2AY Fo 7 FE] &d
g szt dojd WA HZaFE AL shst
o A% Byt dojue 1 9EIFFE 2
FEY Jeggoz AU Age 74 &
Z30A 2o g% BEAGAE ETEIL E
Ag FUaEH 4285 E 7HEHA de A
%l(load control)Y2l o2 F3s¥eny R = -1¢]
AF-4E FA2AYE FAsAL APS A A
9 FAANN AR 7 sFHEZT G A
o A#Eo dFd HEAPL FP3Uh SN
AxolA Hz2ag e ZHAPE 3l 2o
AEZE AT Z HREFolA e Hoighe] v
)2 JYEAT

ANyl AM8E H=2E§FL wEEEFs 108
cycles®t 10° cycles Aol A 79 H=235H
$ ZEE &9 olu, FE HE ¥
St T O] 95%, 75%, 60%E ZHAN, ¢&8)
oA FZo] gojupA YEF FE NTE
2etich 95% 2 75%9 dFHAXE Hol(L)
7t 25 mmgl FEZE AMgaRed, 4ztd @5
Ae HZ6FY F 81% 64%S ;g Zeu
60% sHEFAAE dol(L )7t 40 mmg] FE
& AHgEHEd, FEskF o 83%Y @#E %
=

ki ol rlo o

L~

-63-

al
=<

5. AEZT 3 24

EFAEE F2d gt T2E o Hfe
gheh(fiber breakage) 2 7] |7 Y(matrix cracking),
% 7+&-2l(delamination) 59 98 712 HEHH
7t BgHoz A B Agd AMSE Ag
= carbon fabric/epoxy laminate24 % m& A
o Zzd & FEEs FESA dehdd
olgldt FEEE AFATAE A 4FE F
A AL gEsF dEME FHEET} 24
g FadHol M2 A2 Z (micro-buckling)S ¥
oA Hol HFALEL FEdE Ao Algd
th AAZ Fig. 5.1904 % Zo] RE FE2 JH=
8% Fol &0l st mo] TR

(a) 85% of static compressive strength

(b) 75% of static compressive strength

(c) 60% of static compressive strength

Fig. 5.1 Photographs of coupons failed by 3
different tatigue loads.
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Table 5.1 The fatigue test results and two Weibull
parameters

S,' NEpE a;
(%) 1 2 3 4 5 Bi
2.67
60 | 453,627 709,933| 733,932 924,576| 1,480,082 970.926
2.30
75| 22,840 34,998! 72,625 94,412 98,016 78.123
8.18
95 2,444 2,506] 2,702 3,213 3.394 oo
Table 5.2 pooled estimated a2 and pooled
estimated B;
S (%) pooled estimated pooled estimated
! shape—parameter | scale—parameter
60 B, =996,421
75 2 =307 B, =76.585
95 B3 =2,905
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Logy Bi=—b Logyy Si—Logyp K

b=12.71 5.1

Logig K=—28.674
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S-N Curve for T-C fatigue of Carbon Fabric/Epoxy Lamintes
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