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AE Characteristics on Damage and Failure Mechanisms of
Crossply Composite Laminates

H.J. Jun™ and I.M.Daniel*®

ABSTRACT

The AE characteristics related to the progressive damage of [0/90,]; and [0/90.]; crossply lami-
nates were studied. AE gave consistent results and proved to be sensitive to matrix cracking, fiber
fracture and other failure mechanisms. AE signals were analyzed by investigating the amplitude
and NCE(Number of Counts per Event) for corresponding applied strain. Loading and unloading
tests were conducted separately. They showed that no additional damage occurs on unloading and
on reloading up to the previous peak load.
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Fig. 1. Schematic diagram of system used for AE monitoring of
damage in composite materials
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Fig. 2. Stres-strain curves and transverse crack densities as a
function of applied strain for IM7/8551-7A carbon/epoxy
laminates
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Fig. 3. Histograms of AE events as a function of amplitude for
IM7/8551-7A carbon/epoxy laminates (PDF: Probability
Density Function)
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GEEAHEEEE
ATk EZ F A [0/90:] 9 [0/904] A A Zge]
e EF At g o2 58 ¥EE 71

dxe Ee Amplitudes] B4/t A ALY o]
HEE FoAe B4R gde] dojue A
Ag 7t & wo] o] AZEL BANR dttog
BE US4 & Uk 79 A3 vhEoy 2w
g5 2R #¥, 27 £8 59 Fdo] dojye
CD3#ZeM & F2 85 dB olste &7 =279
Amplitude & 7I& 8437 2 AAHGSE ¢
& g

Fig. 69} Fig. 72 [0/90.]; ¢} [0/904), A m& &g
g@Ast Aol Amplitudest MY E W3l & 33
7 Histogram-g 247t wisted HodZFm gl). Fig.
8¢} Fig. 92[0/90,],¢ [0/904], A aH &9
NCE(Number of Counts per Event)s} ¥ & w3
9] 324493 Histogram& XodF3 gtk oA
NCE+ 7} Event% A% Counto] ¥lzfoln &
e AmAEde &4717E WAdsey §old
olgle AL & 4 ok

gkl ol HAsSte HEE FhAME
[0/90,],9] A%+ @& NCEE 7k €ds Azst
FE o]lFe W [0/904,9] A%= & NCEZ 7}
A gAm AErh Bo] ¥AES @+ Uk A
[0/90:),9F [0/90,)s & 5 744 A$e] g 2I3AR
7t s E 7] A g2 W8 E ThME RS
o] gicke] dojitm oy B A e 160 o)
9] #2 NCEE Ze AENE7F ZXE00) Alad s
o] dgel Qg vhE, TUgEe] wATY, MR
oA T gAY AEEL 20004 70 AR A
719 @& NCEE Zt& AE A3 E 933ite AL
& 4 itk

AnAZwe] Kaiser £7& golB7] 9a [0/90:];
o} [0/904]; Al E] i3l sh5-AEE 4¥-E AAsk
o] #443 AE CountE 1#sle] ®gkch Fig. 10
< AuAFAR F5-ANEE H4AT 23 HIE
H3le] w2 Cumulative Counts] WEE HoZEp
At} Fig. 109]4] Cumulative Count’} A3t
Enveloped] 71&7]& @A) BE F7148 HoE
o} FupgkEo) wajdl FEo] dojue MEE 77l
Ale & AE Countd] $7H8€ BAES ¢ + ¢l
th Fig. 1064 £ & UKol tlRE9] &5-A515d)
Ae A g 71EA HdsgEd & 3o I}
7 ATt FrMH o AE o) o7 AERE




#1114 S 199810

EHAR Hua e AP AEEA ] €% A7 19

0.014
0012
0.01
008
0.006
0.004
0.002

PDF

Fig. 6. Distribution of AE events as a function of amplitude and
applied strain for IM7/8551-7A [0/90.), carbon/epoxy
laminate (PDF: Probability Density Function)

Fig. 7. Distribution of AE events as a function of amplitude and
applied strain for IM7/8551-7A [0/90.); carbon/epoxy
laminate (PDF: Probability Density Function)

0.12
o1

[, 008
£ 006
004
002

0.09
0.08
007
0.06

?ﬁ 0.0

o004
003
0.02
0.01

Fig. 8. Distribution of AE events as a function of NCE(Number
of Counts per Event) and applied strain for IM7/8551-7A
[0/90,}; carbon/epoxy laminate (PDF: Probability Density
Function)

Fig. 9. Distribution of AE events as a function of NCE(Number
of Counts per Event) and applied strain for IM7/8551-7A
[0/904); carbon/epoxy laminate (PDF: Probability Density
Function)



20 AEA - 1.M.Daniel

REHLAMEIRE5

8
g

g
g

2

E=3
o 400 ° 20000 2
g il g
v i 15000 o
2 3 2
H g
£ 3
7] 10000 £

=

[§]

----- Stress-strain curve
— Cumulative AE counts
Cui ive AE 5000

[
00 02 04 0.6 0.8 Lo L2 [K)

Strain, ¢, (%)
(a) [0/90.],
800 25000
~~~~ Stress-strain cyrve
700 £ = Cumulative AE counts -
// 20000
600 Py P
- - g
& 500 £ 8
o
= i 15000 m
~ <
€400 s v
¥ il -1
] S
g 300 s 10000 £
v ‘.e-;'*' §
200 o 5]
100 §

= 0
0.0 0.2 0.4 1.0 12 L4

0.6 0.8
Strain, ¢, (%) -

(b)  [0/90:];

Fig. 10. Stress and cumulative AE events versus strain for
loading and unloading IM7/8551-7A carbon/epoxy lami-
nates

o] ZAHAc) o)RA-L Felicity Ratior} 79 19&
gt sk Rk A AsE BN Haggd 24
g FolA fzhe] AE A3 ZAH Qe olw) @Ay
¢ AEAZE F2 79 399 nid o3 Aoz
FRE wepA =X5 71 93 aai e 28
Az gt A14]9e g2 B Ase JudEn
de Kaiser %7} £43& 398 4 ek A &
Aol 7FiA HU$gR 52 $2o] 2galr] ¥
sE-AetE 2P E F7149 AR e Yo
WA E5& g F AN o9 22 AML -
gtgol olg $H-UPE FAMo| G s34 @ ¢

Hitte AZRE AR &

&
g
ogt
KORTIS
4
Y
o
B

4,

Pt

=
T

B dPdMe F 259 [0/90,),9 [0/904], B
& AuAZwe 154 d¢ 92 939 fAYS o
g AE BAS 2@t F 79 HudEn mE
7t AR &40 PurdkE walo] Fde] Aoz y
B AZEYD S FELEE i 38 &
7HEE BPAT ¥ Eo] FrlstEA A ast
v A%E BAF [0/90,), 8 mA 2] FegE
2Aol Fgel TAZE A$E 85 dB )&
AmplitudeE 21 20-40 Axe] NCEE 7IRl:
AEAZ7} A" we] [0/904], AmAZe)
74%-oll 85 dB o449 Amplitudes} 120 -160 A%
9] NCEE 7He AEAE/ ZAHAT o)) e
AolE Hole olfe FAK A% Axd uls) 3
WS Aol 24 A= 7 o B Fh] T
2gouix|e] WEx Judes 3] wiew 3
Hrh o] A9z Re AuH o] FEel FEo|
A EE gAdste] Amplitudest NCE® 3wk
AFnle] G Tethe AE & F Utk FLgE
A A7 7Ee FAYEo] HAHUA 2H-wYE
F4L ofgte] As A4S Holwx AYBAE {4
ated o] ®PE P g 9% opE, 24
¥ BAY oY, IS SwegEe] 2gs} 9ol
dr} o] Mg E FrbolE [0/90,],9) [0/904]), & F A
WA EHY] 75l 85 dB o|ske] Amplitudes} 20—
70 Z=e] NCEE 7 AE 437} 2=t A
&7t shdo] oj2& WY E FrloME 85 dB o]t
£2 Amplitudes}t 1600142 & NCEEZ /A&
AEXZ7} £ ZR9 AnAandr 5% 72AHY
T}

F TR AuAFSR sE-AsS: AdE WA
A3}t Kaiser 27} glgo] AHAR 815S A51A
U A gA Ho st5 o) slFe] sheiAA gE A
Folle obFd F71d &) A7IA 4SS Ittt

FaxEd

1. Charewicz, A. and Daniel, I. M., "Damage
mechanisms and accumulation in graphite/epoxy
laminates", Composite Materials: Fatigue and
Fracture, ASTM STP 907, ed. H. T. Hahn,



114 5%, 1998.10

EgAE madue] &3aadre AEEg 28 47 21

ASTM, Philadelphia, 1986, pp. 274-297.

2. Laws, N. and Dvorack, G. J., "Progressive
transverse cracking in composite laminates", Jour-
nal of Composite Materials, Vol. 22, 1988, pp.
900-916.

3. Daniel, I. M. and Lee, J. W., "Damage devel-
opment in composite laminates under monotonic
loading", Journal of Composite Technology and
Research, Vol. 12, 1990, pp. 98-102.

4. Yang, J. N. Jones, D. L., Yang, S. H., and
Meskin, A., "A stiffness degradation model for
graphite/epoxy laminates", Journal of Composite
Materials, Vol. 24, 1990, pp. 753-769.

5. Talreja, R., "Transverse cracking and stiff-
ness reduction in composite laminates", Journal of
Composite Materials, Vol. 19, 1985, pp. 335-375.

6. Ogin, S. L., Smith, P. A. and Beaumont, P.
W. R., "Matrix cracking and stiffness reduction
during the fatigue of [0/90,]; GFRP laminate",
Composite Science and Technology, Vol. 22,
1985, pp. 22-31.

7. Tsai, C.-L. and Daniel, 1. M., "The behavior
of cracked cross-ply composite laminates under
general in-plane loading," Damage in Composite
Materials, ed. G. Z. Voyiadjis, Elsevier, 1993, pp.
51-66.

8. Chow, T. M. Hutchins, D. A. and Mottram, J.
T., "Simultaneous acoustic-emission and ultrason-
ic tomography imaging in anisotropic polymer
composite-material”, Journal of Acoustical Soci-
ety of America, Vol. 94, 1993, pp. 944-953.

9. Bhat, M. R., Majeed, M. A. and Murthy, C.
R. L., "Characterization of fatigue damage in uni-
directional GFRP composites through GFRP
acoustic-emission signal analysis", NDT & E
International, Vol. 27, 1994, pp. 27-32.

10. Bakuckas, J. G., Prosser, W. H. and John-
son, W. S., "Monitoring damage growth in titani-
um matrix composites using acoustic-emission",
Journal of Composite Materials, Vol. 28, 1994,
pp. 305-328.

11. Luo, J. I., Wooh, S. C. and Daniel, I. M.,
"Acoustic-emission study of failure mechanism in
ceramic-matrix composite under longitudinal ten-
sile loading”, Journal of Composite Materials,
1995, Vol. 29, pp. 1946-1961.

12. Barre, S. and Benzeggagh, M. L., "On the
use of acoustic-emission to investigate damage
mechanisms in glass-fiber-reinforced polypropy-
lene", Composites Science and Technology, Vol.
52, pp. 369-376.

13, &82 A%, oA, "&F BEE o8
Loading-Unloading 913A18A] CFRP2] 13 A %3]
A A B R A 3¥ Al 23, 1990, pp.
22-30.

14. olf-l, AAE, AA%, o8, & HHE, Hik
JemE, AR e A wEaFd AF &
A3 gadxe] AERR", E5EFARSYA] A 8
A A 2%, 1995, pp. 40-51.

15. 2224, olfdl, 335, "SFLTEEE 18P
g4 BYgAR (CFRP)Y H9457}", &
ZEAANREIA] A 108 A 13, 1997, pp. 23-33.



