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Table 1. The mechanical properties of fiber and

prepreg.
Carbon Fiber
Property Unit | (INTER-MEDI- C?Eb[‘]’%“/(’;:l\’}g’)‘y
ATE MODULUS
Tensile Strength | kgf/mm’ 50 180
Tensile Modulus | kgf/mm’ 30,500 1381
Elongation % 1.7 P
Density g/’ 17 -
Filament Count 12,000 -
Yield(Tex) 410 -
Filament DIA am 5 -
R/Clresin content) | Wt% - 3612%
CF Wt g/t - 250
Tolg EZFEZYIE [0°290%)s 2 [0°/90° ]S

2FF HIWELE 83 (ply)S AFT F, 4%
Ax el SFFFE] 53 wi%st HEE Table
2%k 22 H3eA 9 Zishigel we 4¥gsige
o old YYLE Abo|EL Fig. 19 Z}
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Fig. 1. Curing temperature cycle of CFRP specimen.

LA, o1, IS, AST

Table 2. Stacking and pressurizing
method of CFRP specimen.

sequence

Stacking
Pressméweﬂwd [0°/90°31s | [0°/90° s | [0° /90" 2ls | [0°/00° s
(kgf/em’)
4080~
120-160—200 ® 2
20-50-100—
150—200 9 @
20-100-200 ® ®
20200 @ © o

Aol ¢u8 F, AgH L WA 949
¢Ee FAE FedA 06T/ mng] YAEE2 A
A3 F27HA ¥ZEA.

A¥E B2AFERAE HFEL dololE=
FE AH83Ho Fig. 29 2o IFAEHAR ASTM
E-399-789 A%ty EEY CTAIHLE 7h3st
ot

100

Tab Tab

244

K

f T
i 1.8 — '
48 14 140 4 48

{a)tensile specimen

{b)compact specimen

Fig. 2. Shape of tensile and compact specimen,
in mm.

—278—



SHFEH 48 B4 AF BE ARy dF 2 do 4NN 33 A% BF A7 Vol. 15, No. 1(1995)

2.2. &A= A ZZ 9 d&43 FH5E Table 33 o] dh9
2 43 48" FYE AgHLE ASTM E- AEZHel WgE CPUY 288 A87F AHES
399-78 & EEY CTAYHHOZ ZHFUAS it
Kre DA ez Addsided, 14 59 Fila/W)
g, Fi(&)= 422 ANt

LOCAN 320 System

( 30 dB )
|
K= P/B\/TV FE) semmmmmmmnnsescnsnnssinsnens 1) pre-amp 1
{40dB. 100-300KHz)
Fi(&)=4.55—40.32& +414.7¢* plress wave | Emission Source

3 4 5 6 uppe\ tool plate / / J
—1698£ 437818 * —4287£ S 42017€° D tyap X 7\ 7\ T X /\'mm i
02 < & < 08 o4 05%, Newman, &=a/W) [ Lower toot plate |

o714 PE 35, BE B%4, WE A 89 £ o=

TEZo|, F(&)Ye dEZ oo WE BAA Y, Fig. 3. Test setup for measuring acoustic emission

during curing.
2.3 AH 4

g2 FETASY HY dFEsy Fxe n Table 3. Amplification, frequency and threshold

A 9FE ARY 938 nZstrl s Ay voltage setting for AE test during curing,
AEE dAER WIlAA AIPHEs AEBASE tensile test and fracture toughness test.
AE3Ht ol AE" AEANZ 2 by ¢ Tenil Fracture
FNY 2de Euz 44 FAzAL AR Curing | oo | Toughness
w3 AgEzAez HYF H2HE dyge= Test
AN 2 ANVINYE FRete] ol shun  |Amplfer| Predmp | OB g OB | BB
£ ABSAE 43 vad Bt o7 |MinAwp| P8 | BB | A
49X ABYYEA o) ANgE i Fig. 3% 2o, Frequency | 100-300ktz | 100-300kiz | 100-30htz
49, 9% 2 AP HA S FF 7] (amplifier) Threshold Voltage 03V 02v 04v
4 UTM
Load cell Recarder
]
pre-amp IBM-PC }{_Y
41 (41%%8 300 g,ai{; 1 recorder
- - 2 ontroller
KHz) {264dB)
LOCAN 320
l System
42
. = re~amp > (26dB)
Specimen 40dB
1-00\.300 Graphic
KHz) Terminal
Instron{U.T.M) J{
printer

Fig. 4. Block diagram of experimental setup for acoustic emission measurements.
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] 93] 7 AL 8 3] 2] S AT, o1d=, B2, AST
j U™
Load cell Recorder
- }
X-Y
- amp IBM-PC
#1 m main recorder
O ‘ ;::;300 _._)J (34 dB) Controller
I 7,___ | ISDCAN 320
Specimen O fioan™" (3448)
100-300 Graphic
Kiiz) Te!
Instron(U.T.M) JE
printer

Fig. 5. Block diagram of experimental setup for acoustic emission measurements.

PEHE AENESY %3 @ Aol LOCAN
320 Alzdo] AMgEHY, APFA FAHEE Fig.
4 2 Fig. 59 2tk

Fig. 4 2 Fig. 5049 2ol A #1 2 A4 #
= AEAZY) AEAEE Eol7] 98 175kiz 33
o ANE AeRRoH, A4z ANEL WA=
Nz & AsA £387] 98 AR AA Atol]
A& 18] L FYE W Z(constant force clamp)
B o) 839 #YE oj72g AEHY(acoustic cou-
pling)el HES Rasqch

AFNEA F ANE dREE F AFLARNE
FAo% 6emPAL 3 Base] YA L 2
= (grid) 911 M Q) HS(noise)& AA ST

@8 BN YAE AZAE) L A¥W
Z(hale)dl A9 Z&e AANI] 98, T ANE 7
d FAdozRY 274 WmmAde Fu 2
gom YW Fo SEHE LaFo] wpEdl 9
3 AEE H23 9. '

g AgHe) B8 2 SADAN we Wsta
E SAFFE 937 8 AEd 98 &3
2 ANEG FE SF3AA AFANPL P} &
A sgel o9 &AAAY Py A wu
N 2 QAAAEA AW ZAde B3 AnBe
= BAsgon FHAAEN HF HUAW
o NE e 2 meolN FIAA % FYAF
¢ HAAez Ayl & HUEe FAEAR

AR (SEM) 22 479 3% FFIRT
3. 17 g ¥ 1@

3.1, Btx MF 28 MRS MHYA AE 54 %
ME oted ystol g ZTet AEY

BaA4EEAse AYA ishidel st
Aze] ZEd vAE 4FE A HAste 7t
hide etz dSNA AEFE ZARIS.
o)A HAHIYAE AT o|He AESAH 2
Aggate] gadf EHARY 43 FHE 7
A3zl 18 Aol

Total AE-event count, TM(count, X10°)

Time(sec, X10%)

Fig.6. Total AE-event count vs. time curve for
[0°2/90° 2ls specimen during curing.
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Fig. 7. Total AE-event count vs. time curve for

[0° /90" Jos specimen during curing.

Fig. 6% Fig. 72 [0°290"2s 2 [0°/90°)s & 2
FTiel dHes AFste 4P FALY 200kef/em’
o ELsr1d 474A 9 hHEE s FEA A8k

), ¥ AE-event count®] thd A|7+4 H3E o}
Bhd FAe] YEHQ ol o|F aYelA 257

o
Qo) F2(heating up), A
(curing) ¥ ¥ ZHcooling down) W& 2+7 R FY&
W AE-event count®] ¥W3IHIFAe| 7]&7))E BH
W2k 2710 71 34% AEFS] ¥EE HAF
€, ol W7 Z7d wmeE JAEE(Y 25T
/min)2 {13t AZ R HAag 2 2wl
71918 Aoz JEHEAC)

wetA WZhAle] WAL= Az oyt
ZEo HAE d&gs 1NEH, FYd] BeE &
Az o] FRAFEFAR U HF-&Ho
wAste] AAE FHdsA stz Aol AR 7}
F AR ez B 283 WS A
g HAgE 1237 AdME YdEE W)
wE G377 AAY AT FRSERA, AR
9 AFEAAC sk WA R FANE TE& AE
& AR ¥ Hagdol vk Az

Fig. 82 Table 20 YeRd 2 o] 7M1y
& M ez WA A¥EE dAERAS
AgHAe s AFA e Aol o WIS
Table 28] AZWH € 7o o A|He o
HAHZE Vel Aoz AA AFAEe EHIEE

T AZS 9% 2 ) QRN T A% B AT

Vol. 15, No. 1(1995)
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To 0000 06 OO
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Fig. 8 Tensile strength curve for [0°»90°2ls and
[0°/90° Is specimen.
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] 3 7 7 A2 8] %

Load (kg

Time (min}

Fig. 9. AE-event counts and load vs. time curve
for [0°2/90°2)s specimen during tensile test.

el Aolth ojme] AFANPA A¥ & T (cross-
head speed)t 05mnmyminZ YA A FX8G o}
a8 A22FE(cross-head)e] M= AFAZH
I AFH vEAAE /e 3F-89 2 AE

event count-H¢ FHo=2 E 4 gt}

Fig. 10. Optical microscopy for [0°2/90°2)s spec—
imen loaded up to 1100kgf [x50].

LA, o1, B, AT

Fig. 9 333 27| B2 AEASI} 343
Z715] = FIHE stage 1, I ©& AE-event count
rate’} BHlEH RL FHE stage O, AT AGA
AEAE7} 343 F7tHE 73E stage ME 3t
+=AGAE FE3S AE-event count E 3t5-H$
FHoz Yehidch

AE-event count

AE-event count

0 24 -7 48 72 % 120
Distribution of event counts by peak amplitude (dB)

Fig. 11. Peak amplitude distribution for [0°2/90°3ls

specimen.
a) Stage I b) Stage II c¢) Stage I
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F3dtt. olwf AE: 60kgf9) dFolA R2E HAEEH
71 NFASR T 1150kgf 27 1350kgf FZoll A
7z} FA% AEAN S R, ol 900 F9
#4 vlEgZ(matrix)7t #Fod Aoz FAHI
ot o]HF =L 1150kegf =3} 1350kgf FLe
FFDANA AAFE i AW dnF ad
At (Fig. 10022 o]g ¥ = UUc}. 500kef
(stage D7HA Q37 S 7M1 AHe} dvly 9d
AHZlez BE gdo] AHe FHEZ 900 FolA
e At AHe FANFGoR A AlA
& #5 T splitting@A-E VEMIQ T

Fig. 112 #¢34 F 428 AEUIEY IE
2EE 35 (stage)d 2 YELR Aot} stage I
M) AEAEL Fig. 11a)ol A9 2o] 42~78dB9)
EEXE Y=, o5 90 dgEry W
259 Aoz FAFYL

T3 Fig. 11b), o4l M & ¢ A& vie o] 1 E
X7} stage MM E 66dB FHANA W& peakES
HEom 80dBolde] & MF M3k REHOR
AZHAT. T stage MM E 60dBREES AF
& 718 AEXN S 7} 7HE ®el JElg e 80dB ol
o] & AZ NZE stage 1T} go| A&EAU

Hglon godBel4el 2 VZL AAE

3.2.2.[00 /90° 1ss AlEH
Fig. 12% [0° /90" Js A3 AW AFAEA 3
% AE-event count®] Az oigt Wslg vie)
Ao AZsFe Frte] wet HF swAzt
A BF-AAFTHALE M A3 wEEr

[0° o/90° 2dsAl W AS-9 mpAVIA R EADA
g 39AR FRIHeH, AFAEFTL stage [4]
710kgfe] 85744 Ao d¥Hor F713lt} stage
MAA pop-in@7ide] tha AZHWA #die o]z
E AoZ vepgrh

olmf AEAZ & 80kgfe] 3FFoAMFEH HEHY
Al Zstg o 730kgf H2ollA FHE Z A
AP ols 90° FAA BARN Aom FAHHY

£ oy

Vol. 15, No. 1(1995)

Time {min)

Fig. 12. AE-event counts and load vs. time curve
for [0°/90° Izs specimen during tensile test.

Fig. 13. Optical microscopy for [0°/90° ]2s specimen
loaded up to 900kgf [x50].

o} o]t &) WAl P2 00kgf7tA AR
FFE M Age dujR gErdew oE &
A & U
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Fig. 14. Optical microscopy for [0°/90°ls spec-
imen loaded up to 2160kgf [x100].

Fig. 132 900kgf(stage ID7HA AF35E& 7H
AR Fu| R dHAReR Fdo] AlHY 90 &
& B5E F AAT A9PYS B2 F YN
o 278} (delamination)= #EFHA Fdvl 21
U Fig. 149 stage M(2160kgh)7AHA A48F e 7}
T AHY #n|3 @EAAeg RE stage MOlA
=0 2 90 & Alele HEst @el W
AT FSHAH

Fig. 15% [0°/90" s A1 @ 2] AE dlo|E]|22H
de 7 S5 AgAYg AERTojn,

Stage Il 2] ARAZ L Fig. 15a)oAs} 2ol
42~99dBY W& RPEE YehidEd olEe O
ZAlolo] TR Widd 90 FTYEE ¥E ¢E:H
Aoz roln o] AR [0° /90" s APHA
TYd HAer|FR BE W4Ed AENS Y AZE
¥ v3l 10dBA= ZA velgth o3t ol
ANEH HFTFRY Aol E 13l €3 AE ¥E
Ao gEo] [0° /90° hsAldHE] AL7t 7] Wi
o2 #axHdoh. Fig. 15b), o)A & & A&
vle}l o] .stage 19} stage MYlA= AE JAEEE

LA, o33, 7%, A&

AE-event count

AE-event count

-

ovu-g.g.

AE-event count

e

24 48 72 96 ' 120
Distribution of event counts by peak amplitude (dB)

Fig. 15. Peak amplitude distribution for. [0°/90° Jas
specimen.
a) Stage 1T b) Stage I c¢) Stage M

7} 72dB F9190A4 H& peakE 2H o™ 85dB °] 3
o & WY A3 g5 HEFAD. olEF stage
09 @2 AEL 7HAE AEASZZE 00 FAkold
Tu% wjde 90° €Y ¢ 37 (delamination)
2 F4E%on, 8dB ol e & AFE 7HAE AE
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Fig. 16. AE-event count, energy, peak amplitude and load vs. displacement curve for [0° 2/90° s
specimen during fracture toughness test.
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Abef ZE

3.3.1. [0°2/90°20s A]EH

Fig. 16 [0°2/90°2]s9] FHECT) AP of
3y AFEE H2(150)NA 160T7HA SEAZ
HAAE W FIAJNAAE Fo UEd AE &
AAE 2 58y JHelch

Fig. 16 9] AE-event count ¥ AE energy°l ©f
g 3T AE BE AFLEd #Aglel 3
%3 7tsl ¥4 AE A3 ALE A3 Hslsle] AE
37t AL HHAHoz Frrstd HostE A
peak® HAth 1 F pop-in @A) AFHUA
AE A8 % o] Zadte g Ul Al
3% % AE-event count ¥ AE energy: Al@2
=7t Frtees Faskdh

a3 ABAZE ANFLRZ7F E/1ESE U2
FoA TS & ¢ AU ol AF2E
Z7185 FAle mode 1 €3o] zFE3ld 7]x 9]
HEZNHE Afd 71AY AWATe] Astegn o
BEol $8AFe] AA x7|EN] FRAHE A
BYAF 9% Aoz AsEn

A AE JEZEXE HW, 15C~130CTe 3¢,
oF 42~99dB9 W& X E Jehlen, 160T

$E o 42~78dBe] #XE Yehigid. zEa
15C~0TCA A= 54dB AFAA ZH L peakE H
$on 80dB olde] £ AZFe Ak g HEH
Atk 97)A, ¢& AES /A E AE A3E 90°
29 7AFE, S0 L ARAL T 9 A
o2 FAHY, 80dB °]4e & AFE JIAE AE
AZE 00 39 AHHgHR FY3A g +
g 4§ JAgGd Ao o Re=m
weFHA 28y FEHolE &9 130T

=
B

LA, o12=, By, A5E

(b) T=50T

{c) T=90T (d) T=130TC

(e) T=160T
Fig. 17. SEM photograph of fracture surface for
[0°2/90°2]s CT specimen after fracture
toughness test.
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Fig. 18. Fracture toughness and total AE-event

count vs. temperature for [0°2/90° 2ls

specimen.
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Fig. 19. AE-event count, energy, peak ampltude and load vs. displacement curve for [0°/90° ]z specimen
during fracture tough-ness test.
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A Study on the Fracture Behavior of CFRP in Tensile and
Fracture Toughness Tests by Acoustic Emission
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* ! Dept. of Mech, Engrg., College of Engrg., Natl. Fi. Univ. of Pusan
** ! Dept. of Mech, Engrg., College of Engrg., Natl. Fi. Univ. of Pusan

Abstract The study was carried out to analyze the fracture behavior and the acoustic emission(AE)
characteristics and to find the relationship among tensile strength, fracture toughness and cure pressure
in cure process of the carbon fiber reinforced composites of two types, [0° /90° ls and [0° #/90° 2ls.
AE signals were detected during the curing process, tensile tests and fracture toughness tests by
acoustic emission(AE) measurements, respectively. Tensile strengths showed that the less cure
pressurizing steps and the side of [0° /90° ls specimens had the higher strengths than those of the
others. Fracture toughness by the change of test temperature showed nearly same values in the same
temperature region, but the higher test temperature had the lower fracture toughness values. In order to
examine the relationship between fracture behavior of CFRP in tensile and fracture toughness tests and
AE signals, the post processing for AE parameters of AE data and the observations of microscope and
SEM have been carried out respectively.
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