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A Study on the Fracture Behavior of Composite Laminated T-Joints Using AE
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Abstract Quasi-static tests such as monotonic tension and loading/unloading tension were performed to investigate the
bond characteristics and the failure processes for the T-joint specimens made from fiber/epoxy composite material. Two
types of specimens, each consists of two components, e.g. skin and frame, were manufactured by co-curing and secondary
bonding. During the monotonic tension test, AE instrument was used to predict AE signal at the initial and middle stage
of the damage propagation. The damage initiation and progression were monitored optically using CCD (Charge Coupled
Device) camera. And the internal crack front profile was examined using ultrasonic C-scan. The results indicate that the
loads representing the abrupt increase of the AE signal are within the error range of 5 percent comparing to the loads
shown in the load-time curve. Also it is shown that the initiation of crack occurred in the noodle region for both co-cured
and secondarily bonded specimen. The final failure occurred in the noodle region for the co-cured specimen, but at the
skin/frame termination point for the secondarily bonded specimen. Based on the results, it was found that two kinds of
specimen show different failure modes depending on the manufacturing methods.

1M 8 o &3t} AAsHe Aol v 3t}(3). o2 B3A
B9 &A% 2 F8 T2 d53cv AE¥L 7=
3 A4S AEN) A HnAH Aggez By
A3HA ol 859 fteH(4). ©E M A Fr} i

E}A s SfARd v 4@ Az, v
€ AU 3o} FF+F, 2AH L AN T A

ZF3t A2 1 AMFe] §33] $71E R e FA 0
©H1,2). 2v B B3 dHzece 2
€ 23 7K Yen 53 354 449 e
3ol dRBAInE 4o 4 A7) Wi, A4 F
ZEd Agslete 271¢3 R dAAE, $9 5

Hmdle}, AEYE AlF A3 Tt AAL A a2
224 vAAQY AJAFE FB3hed Rz, 2
e Fev T4 473E ek & e FEE vt
A1 Ao ERARY S¥Nse) dAd e 7IAFE,
AR/71A S AR, S48, /AL 2 A4

(B4 :1999. 3. 27) = 3ddigtw N AMAF %3 (Dept. of Mechanical Design Engineering. Chungnam
National Univ., Taejon 305-764), ** thAAJ AT m 71 A F 83}, +=» 3 stw 71 A4 A F85 gi3td



278 AAE, S, RS, 4

M

@ S0l Jeon old A RL=d dg AE A5 B4
< ZF3E AFHE o] B3t B 77 F3H
SITH(5-7). 18y, § ZAEY T ZRJAES} o] 734
3l7t o glA] g2 A1l ¥ distd] AE 4% B4
$80] JFHT FFFANA o8 A B3 2eEst
E£34d Y= 2] gl £4717E WIrIvt
o & dAeltt. FZ AEHS ZFE3E Aoz
e 23l AldAdzx] @dstA H85m gle
o, M= AF ¥ (single lap) E TE 2=
(double-strap) ZJE AjgHAe] tisle] AEHE ©
B3 SAEY A HE S S5 Bavt gl
(8,9).

437 A SWE BAAQ A A1 g
F7) Aol 2% &3k st ol - 2 iRle] o3 2}
2 59 dgo2 T YT LYHR Ut

Prepreg

Noodle

> Adhesive film:FM73

Mold 3

(b) secondary bond
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Table 1 Lay-up pattern specification of
composite specimens
Speci- Lay-up
men ( Frame part Skin part

CO | (45/90/-45/0/90)s | (45/90/-45/90/45/-45/90/0)s
SE | (45/90/-45/0/90s | (45/90/-45/90/45/-45/90/0)s
* CO: Co-curing, SE: Secondary bond
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Fig. 2 Schematic configuration of T-joint
specimen
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Fig. 3 Schematic diagram of AE instrumentation
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Fig. 5 AE events and load vs. time curves for a specimen(CO 1) under monotonic loading condition
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Fig. 7 AE event counts, amplitude distribution for

curing under monotonic loading condition
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Fig. 8 AE event counts, duration time distribution for a specimen with moment arm(L1=30mm) by

co-curing under monotonic loading condition

°] 30, 60mm%¥ A%, AE events-AZt ¥ 334
L ZAelt}. Fig. 9(b), 10(b)lX= AEZ} 333
F7hhe AR B4 43 AU FALSH 8454
T ZAA FAF AEAEALS 1Fe et |
A AE events?] 7A1A (A)L ZHE gto] 30mm¥Y
A% A B(100sec)el thdt 45%< 45secolA LA
57l AFsden, 60mm¥ 4%y 7MAEe B
(300sec)?) 50%¢<! 150secolld 2=, ZRE
ol F7HEel wWak AE 41371 AdEo] A= E A
< BA AY A¥En 5493 F7E YA T AE
Azl 27) LA AH(A)L FA AF AFHA vl
2vj) o] wal A= 3 gt oA AA, 23 FF
Al A28 HAA 7L 23 YA oA T E v
&£7189 3oz AzZtsEY, €5, Thuis(12) 5

E A7 fAE AlE ¥ (pull-of f test)oll A Alg
B whEol] J3S FE SHES AIFHA FeHe F
Y EEd of Ad Y 2307 Tl 3
Hgle] BYx) wj ol #ABE= peel stress7t e
o, o]E% 27 /ZHY B2 peel stresst 2=
W3 Zede] F§ 24, F 207 Zyde] FA
45 FMRe RN Z4aE 4 ok "M Fig.
114 g} Zo] BAF SAE 2t T Y] 2709 F
A& F7MZAE 3%, Fig. 11(a)dy A 239
9 Z4Zre S7HE §Y A2 AETe A70/2d
9 BN 8-S F7HAFI7] el §EP 5o 9
¢ HE JAE £ dd3 2o vl gl ol @
ZHol|A] 23} F2 AgHY 231/=ZY AFRE 5
7t Az4 A 48 AlE9d viE 0.4mm A =7 F



282 HAZ, S, AP $, GEE

ANA 2L A3, AF5E Feds 278 AR 40~90dB Wl AA st gl T 4B AP
He] &4l o & 9% Fe Aoz Algdnh Holl vla} ¥l& X9} 800usec7tA] 1 AE A&7+

Fig. 12, 13 30mm¢] BHE o AZ g | AEUT. 3 Collxe] JHL 40~100dB H oM &
Azt BXE debd Aol A BAAMY A& At e 100dB F2elAM o & JEFE 74

SPBAB [ e e — + 100 208 - - 50
- Specimen : SE | . ! 9% Specimen : SE 1 . t45
n 7|. Moment arm : 30mm : - . < Moment arm : 30mm .
- wl
‘S 40800- : o 80 = 1688~ . : |40
o i o
> | 70 i 35
153 %\0 3 o
)
[;’é 32000 [60 < I;v:-l 12081 30 &
© ] 50 E o - 125 g
2 > S
S 20800 40 = g ome 20 S
= 0 = AE initiation(45sec) 15
E 7 g 7 y
3 108me- 20 3 o0 [ 10
. 10 R Ls
8- e o AR By M Bbay S e s vty i Bt ey 0
8 2 488 600 808 1089 [ i 80 128 168 208
Time(sec) Time(sec)

Fig. 9 AE events and load vs. time curves for a specimen(SE 1) under monotonic loading condition
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Fig. 10 AE events and load vs. time curves for a specimen(SE 4) under monotonic loading condition
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Fig. 11 Reduction of the peel stresses at the edge of the frame by increasing the ratio between the
bending stiffness of the skin and frame
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Fig. 12 AE event counts-amplitude distribution for a specimen with moment arm(Ly=30mm) by
secondary bond under monotonic loading condition
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Fig. 13 AE event counts—duration time distribution for a specimen with moment arm (L1=30mm) by
secondary bond under monotonic loading condition
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Table 2 Results of mechanical test and AE

monitoring for monotonic loading
conditions
L Mecglamcal AE | Errors of
. 1 est .
Specimen (mm) Pini. Pini
Pini | Pini’ (%)

.

CO1 30 4.5 |[44.0 0.5

CO 2 40 37.0 [37.0 -

CO 3 50 34.6 |34.0 0.87

CO 4 60 32.56 320 0.77

Average - - - 0.71

SE 1 30 30:5 | 24.0 11.9

SE 2 40 27.5 - -

SE 3 50 19.0 19.0 0

SE 4 60 17.5 17.0 1.44
Average - - - 4.45

* Pini (kef) : initial damage load by
mechanical test

* Pini’ (kgf) : initial damage load predicted by
acoustic emission

* SFTP : skin/frame termination point
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Fig. 16 Load-time and crack progression curves for a specimen(CO 6) subjected to loading-
unloading cycles, with moment arm, L1=50mm
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Fig. 17 Crack progression curves for a specimen(SE 6) subjected to loading-unloading cycles, with
moment arm, L= 50mm
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Fig. 18 Ultrasonic C-scan image showing the crack front profile for a specimen(CO 6) at load cycle 6

Fig. 19 SEM photographs of fracture surface for a specimen(SE 1), x200, x 1500
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