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A Study on the Damage Estimation of Uni-directionally Oriented
Carbon Fiber Reinforced Plastics using Acoustic Emission

Zhang-Kyu Rhee*, Sung-Oan Park’, Bong-Gag Kim"', Chang-Ki Woo

—{ Abstract Ir

This study is to investigate a damage estimation of single edge notched tensile specimens as a function of acoustic emission(AE)
according to the uni-directionally oriented carbon fiber/epoxy composites, CFRP. In fiber reinforced composite materials,
AE signals due to several types of failure mechanisms are typically observed. These are due to fiber breakage, fiber pull-out,
matrix cracking, delamination, and splitting or fiber bundle breaking. And these are usually discriminated on the basis
of amplitude distribution, event counts, and energy related parameters. In this case, AE signals were analyzed and classified
3 regions by AE event counts, energy and amplitude for corresponding applied load. Bath-tub curve shows 3 distinct
periods during the lifetime of a single-edge-notch(SEN) specimen. The characterization of AE generated from CFRP during
SEN tensile test is becoming an useful tool for the prediction of damage failure orfand failure mode analysis.

Key Words : Acoustic Emission(-8-3}4}2), Carbon Fiber Reinforced Plastics(¥ta~d-5-743} kA E]), Single-Edge-Notch Tensile
Specimen(SEN$172A} 31 ), Damage Estimation(<~438 7}), Bath-Tub Curve(£:23141), Failure Mode Analysis (1%
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U4 Ee AR Az BolA EAst
& YWAY 7teAdol A1, ASH T A3
Bt 2g apa] Aol dojubs v B33t uty %
I Qe Aol gt 2T BE, BEEARE 24 HER
AHgsE7] YEid e AR W] EAste 4 &4 ¥
SHoll digh ZEAre Ao g a4 E FolX
A7 B R QoA &4 AAe A 244
BoRE= o] ZEAQ Zo|yo] glon, RAjuu(Fd), 2A|
ok A9l A, SR, Afud 5o B ez
FHH0) gomz HEzt w77 ofsjrt Fasp Y,

utata], & Aol o&A] $=2|(epoxy resin)7} HAY
C1AAel L A-3-el 2 071 [0°]10%] CFRP 234 SEN
(single-edge-notch) UFAIFH disted, A5 <
FE A 83 AR Y st I Zo] Wt
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AR A HRTst B &4t 88117 Bt
g I E&o] irt.

rir
ofx 3
o
2x oft ¥o

o g 1oy

ox =2 & rir
AL

oo
2

=)

30 X
oy

]

2,

e

= 0|2

L8422 (Acoustic Emission, AE)olgt EX7} ¥igL o
o7 o), & uA|ofA] IR YR Fx0] B ofgt At
2 sk Byt Wt AEE &4¥E, ¢4
of A A, b7, AAES] w3 9 A s A
B SOl ¥t Fad FRE g Yu?

AE ulatuE o= HA4A A FFA Aol 9lern
ot o] FE3 4 Yot

mEPERETEE
o FYr}&71-&-E(ringdown count)
o AAHFHUARMS voltage)
o A ZHik(envelope)
-o|Hl E(event)
-Z| ) A Z(peak amplitude)
-AFS Al 7H(rise time)
- A4 A 7H(duration)

- A (energy)
o ot EA(FFT, power spectrum)

(7 AL gatog
o ¥FXI A| Z(time)
o ZGAIZHAY, 'Y 2] 2 (location)

o Y5} (source characterization)

E3H AEE 1 uhgglolo 22 E 13} AEQ} 23} AER
FEG 4 e, 14 ABS AR ARl 408 Fut
sHe AEo|T, 24 AE: oH 5 714Hel glo] ofgt
ABOlT}. The-S B39 AE BAAAS e,

(J 1% AE(primary AE)
o $A9 BRI 2597
o 279l MY
o 5Aoh Aol AU
oA &3
o SHEE

o Agukg

[ 23} AE(secondary AE)
o %A%} 49| ok
odEY A
0459 24

53] AB: 219 Ael3el2 velelAtd, 3 #As
A2 BANFOR Madd AEY FA F3j7| 79 ¥
Aol ol§Hth ¥ WAL A4 B2 FEBol} BE
o Az FEAADelt 24 39 Huhy] A4 pRoR
o gHTC,

mEEREAL
SEEELEES
o 5ta)7) 72 o4
o X% wagaol 2%
oAU WHHY REAR YS§

oRAE F AAEZIAA AN
0 71E % AAH(ROI2 R
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3.1 d3xs & AlgH

2 Ao AME Carbon fiber/Epoxy 234 AJ@ )
A= (F)SKo|A A2k USN 200A2] L) =) I(prepreg)
2 1 ARQF2 Table 13 2t}

E3 AR 8=(0°]07} HESE AFote LB
#lo] B (autoclave) 2 X134 JHT &, AGAHE Al AlFH
FURIE 3}F0] A= 2 ASTM Standard E 6472 #zx3}
o Fig. 19 Zo] L=160mm, £ W=40mmZ 7}58}%H.L2
, FZol 45mm9| ®(tab)E FUT. FHH AIPH o] of
g a9 HaW)= 242t 0.1, 0.2, 0.3, 0.4, 0.52 ¥
3FT.

-

3.2 aiguhy

H Aol A AREEE AE Al ZA|AEL Physical Acoustics
Corporation®] Spartan 2000 AE systemo & 1 1AL
Fig. 204 2utel 231, MS-DOS V6.5 oj4of|A 2%
o, AZEH AEAZE 94 dlojEE AAZt A 9@

Table 1 Prepreg specifications, USN 200A

Tensile strength Tensile modulus Resin content
450 kgf/mm’ 24x10° kgf/mm’ 36 wt.%
Fiber density Resin density Thickness

1.77 glen’ 1.2 glem? 0.207 mm
A [)
Nano30
®
(0.50)

250|160 Y
:a:I X b 41

R15

(0,-50)

40 6

Fig. 1 Geometry of SEN specimen (unit:mm)

Fig. 2 Photograph of experimental setup

o} A1 7] (Autograph 25-TG, Shimadzu)2| 3}
£ 2R 2mm/ming] FEAHY Fotoln, A5E &

4, st AE ol wgute] TSRS Tetsto
@D Nano30(ZA35}4= 300kHz, PAC)?t @ RI5(FAF
gt 150kHz, PAC) AIME AIEHY SYo25E A%
& wrefof thate] Fig. 1014 Ri=upel Zro] +50mm 913
o] 1A% 122 (Dow corning high vacuum grease)& A}
§3te] AlgHo] tfo] EEE AAF]IL HHo|ZR
1A T AEHAY AE(Auto Sensor Test, AST) 34
& A A2 Bao] H(calibration) AA|SFHT?.
E3h, HARFE7](1220A, PAC)9] gaind 60dBZ 443}

100~ 300kHz2] tfj oA L2 AlAsHE 2., 250nsec
HA9 MEY F7|2 AEH ofdR1 AENSE £3E
71014 ThA20dB FEate] tAE HolB & W - 7194
71 3 PCY| A4dtg o, oju threshold:= 55dBE 1%
3tgict.

eagdsh ek e) ARl 671 [0°]10% single
edge crack& 2= o] #YEE 350 A HY 2o
Hgro g A48 3¢, AAAForRE A2 AEAEY
Az #AsHE o 2

%A Fig. 3~Fig. 79| i3kt 67} [0°]10%] SEN &
AAGHY FAE5 289 o] a5 2, 4, 6, 8, 10mm
2 AFARAL AL, Z 2a/WE 0.1, 02, 03, 04, 0.52
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Bojgh Hoof tigt 2i& A5k} E8 Fig. 82 Fig.
3~Fig. 79| [2]§ Z 24 tidte| $33 1822 [T
g FHAEO|HES: W AN H7|2RE HFH 5
AZHe] #AE vebd Aoltt. o Fig. 3~Fig. 7 [219]
AAEA)L A7 ZED §FE 20X 10%kg

A Y(full scale)2 HAYE A-¢, AE AZA L
ojste] HFHE 5V UL T o] LA Aolm,
olai3l7] HEE Fig. 8o A2 thA B

Fig. 3~Fig. 79] ¥ 1@ o)A [T} A7kl & AEOd
Ex(counts)2te] FAE HUERE Uetd Aolct HAF
o2 271~100secoll A= WE o AEOJHET} A6}
u7h A Zashe HeE 2old §lem, 100~300seco]
A AEOTHIE 7L A4 st A9 A &2 &
A|8tal 9laL, 7L o] F5LE AEO|HES7} THA| FASHA F
7tetol HFude o]2& AL BHoRu gl

Fig. 89] A #A 182 A|7to] Ao wpat HAYsh=
AFAE7Y atF EAE UEid Aoz F49 d4AE
= £4ugoes Qe g e YenR|TL, B} o2
A A SaH RS Fef2E SEN JAAEHAM =
HA RS JA AFol 7h7ke FE Hojn k. &
H Fig. 89 & ¥R 1¥2 7]~ 100sec7tAl= 23 At
ozHg gtto] AR 2% (Region )01, 100~ 300sec
7= AEH A= st 02 Qs Hyo] AT A
%(Region II)o]H, 300sec o] FHE= Afutgto 2 Qg
A EHY 30} (crazing) B2 7|2 Ao hFo] 4
2l 2| 9(Region IIN)o|c}.

0|9} Zo] Fig. 3~Fig. 7¢] Z 1Yo 28e (119 gut
Al AL £43) EH, & 7143 ¥ (accelerated
test)yd A= Fig. 99} Z-& A<l 8 Z I M (bath-tub
curve)2. 29| Zdo| 7}55ith ot AL I 844
Az7t Ag Foll E3lstod HFHO R 279 715& =Y
sHA Fat AR 8ol AR Rohe W7t ged, oA
S AH R vy A A7 MEsAY apdsle] 27
o Z=F A4 717 gEolth o= Az g 3
w3abgat ofF FAlate, 1 43t ZRAAY My 2
F A8EE Zo| vtz fxIAo|tt 22 Z AL Fig. 99|
A ol (1) =9 - AREY BA, Az 2 5o A%
AE 244 dfto] A A9 i AEFH A A7
33 AL doy|e 27)9 AE 74 F(decreasing
failure rate, DFR), (II) AME %o Ao Al o8 A
Ef2(g, $4, 35 57 $HHoR AT, A9 F
% & 2o 1S dovle 14E U733 (constant
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+ IAE %7}8(increasing failure rate, IFR)
B FEHT

b YA Eo] e 7] (2] A naHy
of o3t &42oR Qlsto] AEC|HIET} UASH| Al&telal,
3t5 F7tol e Ao FAEFOR st o|HlE WA
ol Azt F7rste] =& Uehls A2 2R HfAtol
o AHE7E AZEE ougith o] 5 AJHHEY AAH
FAELOR Qo] o[HIE WAL B A a9
A dREHA A Yok B 25, 4hetd, 3t
B2 9 mAof dGo] AR Qlete] thA] o E 4
Agol F7ksta, Aj7kol Aatstol 28 9] Zoj7t ZojFle|
w2t AEO[HIESTE FASHA Abgdtetl, ol 29 Adt
oA 2AHFo] Yoid o Azof A= o] gl oA 7}
T8 oujgich

3, [de AIZHY oA e #AE AR veid
ZAOR [1]9 499 5943 S Hojx gk watA of
HA HA] FHAECMIES7L gHst7] AlFste AH T
oA HEE7] AjFeh, o] I ddofA L4 Fe]
doe uf Aol FAEHA A AAA7 HEH7] wiel
th 28uE AEOHIEY] WAiko] g FRoA AEA
Z, oyz] 9 AAEE FAR AFE Bole Aoz A
7 = 9l B3] 2do] AHEFZQa/WIt E48) Al
7o) w2 U2 9 27)7} FolH & &F 5 e, ©f
+ 3do] Mg w2t A=rt 2 FAHAL A7t
zhobz)7] whgel Aoeg Adch

(B13% [6]2 22 AEO|HIES, o] X AEXIZ7}o] 3
Aold, 5]9 A5 Rt B3] slv) s Azt ER2
FEste] vEbd 2ot mp7kA £ Fig. 103} Fig. 11
Al 519 A5 ot Hs| a7 gk 1gor 1 R
of #& Mol o3) 3719 9L FE8t Bl Azt
of thgh AEZEe] WA A E o] o= 2719] % A%
(L=l 93t 27]~100sec(Region I)7HA) = 85~ 100dB
Heo) A7t 22 uhgsla, 100~ 300sec(Region 11747
< Bl 3 o] g 29 uh 7 Iy d A%
o oJdto] 55~75dB H 9ol AlF7} =2 dhAgsn, 300sec ~
o A-(Region 714 = Sad 474t Eetage] 4
o Soll 9sto] 75~85dBY] A3 7t £2 M A
o7 veiygrl E3t 2 180 2 HE threshold 3 55dB
2 1RS¢+ Utk
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Fig. 3 Results of detected AE signals, 2a/W=0.1 Fig. 5 Results of detected AE signals, 2a/W=0.3
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Fig. 4 Results of detected AE signals, 2a/W=0.2 Fig. 6 Results of detected AE signals, 2a/W=(.4
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Fig. 7 Results of detected AE signals, 2a/W=0.5
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