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The Evaluation of Strength and Damage Characteristics by AE
in Impact Test of CFRP

Sang-Guk Lee* - Sae-Kyoo Oh* - Ki-Woo Nam** : Og-Gyun Kim**

Key Words : AE(Acoustic Emission : 234%%), CFRP(Carbon Fiber Reinforced Plastic :
G448 B3l 2), Total AE-Event Count(-&3%% At %74 4%), Energy
Gradient Method(elltJ®] ~]-%7]4), Delamination Area(®}=l*#) Impact
Energy(ZF7 o\ %]), Tensile Strength Ratio(FZ<&AFA1e] 7FE8]), Impact
Velocity(F4 4 %)

Abstract

This study is aimed to have a database of system development for the prediction,
monitoring, analyzing, and evaluation of tensile strength and damage characteristics
through AE technique for CFRP. Therefore the correlations between impact
characteristics(such as impact velocity, impact energy, delamination area etc) and AE
signals for CFRP laminates were investigated. And also it were accomplished the
evaluation of tensile strength and the investigation on correlation with AE signals for
impact damaged specimen of CFRP laminates.
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Table 1. The mechanical properties of fiber and prepreg for A, B, C, D specimen.
property unit carbon fiber prepreg(CU100NS)
tensile strength .
axial(0") kgf/mm’ o 1165)
__ tranverse(90°)
tensile modulus .
axial(0") kgt/mm’ 21,500 1%337
tranverse(90°) -
poisson’s ratio .
axial(0") none 0'%7
tranverse(90")
compressive
strength 2 101
axial(0" ) kgf/mm none 91
tranverse(90°)
compressive
strength 2 11,200
axial (%) kgf/mm none -
tranverse(90°)
shear strength kef/mm’ none 10
shear modulus £ 992
density g/cm’ 1.75 1.59
R/C(resin content) wt% -
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Table 2. Specification of A, B, C, D specimen
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material stacking sequence size(mm)
A [0°2/90° 2] s 25.4W X 244L X0.95T
B [0°/9%° 1 s 25.4W X 244L X 0.95T
C [0°/90".] s 25.4W X 2441 < 1.85T
D (0°/90°2] s 25.4W X 2441 X 1.85T
‘& Seomor clamp)e} A Aeolzz wAste] FUdF AHEH
én (1)12 i (coupling)e] EEE Fasiedch FAAYH 2
Tab - Tab 4 - -
) AL gk 122§ A12] LOCAN 320 Al
M 140 L elo) W78 Table 3o viebich
"“ 2-2-2 372409 4 AE F4w
Lapact Alg i 2r71EA8 F21908 2risks] 4
f > e A P@AAE o]l 27 88mm(2.7g)8] T-E
OZ lapact ares Alé 20]-7‘(] 0“ .?__2}%! LH7§ gmgl %A};\}(% :‘\!})—%
B A AlggH ol 2EA . EAAYAAE
Fig. 1 Shape of impact tensile specimen, All ) i ]?4 ) I FEAAE FANYAA
. L F718E7 (air compressor), WANE, A2 (barrel),
dimension in mm
AlH A o A4 71-2-8](digital counter), Ao
oop AEEE I Wy g efol R PAISlgY; e, Al A o
o= 50X40(mm)e] AWy FHE Uz FA
2-2-1 AE A8y 2 A Amm®e] TS 2 F, Fod¥e Alge A
FAAEY 7 2ALA A BEE QlAFA) 3 F gto] A|HFA A ol FFIEE stgn) =7
AEAZ O &4 9 BAdlE LOCAN 320 Al~g] F718%E 7] 85kgf/em 7bA] AAE qtHoz
o] Al&-Egl e AE AlA(sensor) 218 (3R AA R el 7hgsle, Zisigl 37 E Alo] Bl
ZFil¢ 150KHZ, PAC R-1522 +99 #&& eo]m & E3lo] F7HAo2 AHE R FEH4 9
AAs7] 214l 3 ¥ed(band-pass filter) & A} HEE A ¢ RS sl 2549 &
gataleh mg Al 41 A 2 = AEE E5AE Aot A A del| pHriele =g A

S,
[s]

sl A7) $18 A Ax o]l 23

Ae]E aelolA 7 AskEal I (constant force

M2 ol43le] 200mm HEE Fa AlAste] 27
o} firleler AXXHE sk A7tz

Table 3. Amplification frequence and threshold voltage setting for AE test during impact test, tensile

test, versus impact specimen

T test impact test : tensile test
AE parameter T
. "~ pre-Amp.  40dB 40dB
Amplifer main-Amp, 20dB 26dB
Frequency 100~ 300KHz 100~300KHz
| 'I‘hresho_}d VOI_EQI%?_WW 3 2.5V 0.2v

—_ 49.__



Impact velocity (w/s)
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Fig. 2 Relation of air pressure and impact
velocity
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Fig. 3 Schematic diagram of impact apparatus
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Table 4. Mean value and standard deviation (SD) by energy gradient method.
Damage Load(MPa) and Specimen

total AE-event count(N) A B C D

Po/Prmax Mean 0.77 0.62 0.69 0.72

SD 0.14 0.22 0.19 0.15

Damage Load Po/Prax Mean 0.84 0.71 0.83 0.80

(MPa) SD 0.14 0.23 0.10 0.10

pt/Pmax Mean 0.90 082 090 086

SD 0.11 0.20 0.30 0.11

Ni/Nrr Mean 0.45 0.37 0.46 0.50

SD 0.18 0.10 0.38 0.20

Total AE- No/Nr Mean 0.70 0.50 071 0.72

event C()unt(N) SD 0.16 016 030 0.17
Ne/Nr Mean 0.89 0.60 0.87 091 |

| | SD 015 0.16 0.33 0.24

‘Table 5. Damage mode of specimen A, B, C, D by AE energy gradient method

Specimen Load(MPa) Damage mode
Ph Matrix cracking
A Py Fiber debonding
Pc Delamination and/or Fiber breaking
Py Matrix cracking
B . P, Fiber debonding and/or Delamination
P. Fiber breaking
Py Matrix cracking
C Py Fiber debonding and/or Delamination
Pe Delamination and/or Fiber breaking
Py | Matrix cracking and/or Fiber breaking
D Py | Fiber debonding and/or Delamination
P. } Delamination and/or Fiber breaking
2 AFAS WFA A4 % ABE ol8% &4 /b 9ehie selsan,
ZUE o] A& s}gd Hdog abgsch (3) A A AARL} FHEE 2 dtg]
WAe 37 % ARAYA AT AENES F
4.8 B AEARESS) AR ARBATE Ago] EHelHy
of RadFRYAR WSAYAN ALY
BoAFEEARY AR & FAESAA A # ZA AN 7 HEEA YrhE AR S
298] E=AEA Hrlo] I AFAHA oS3 S 2R ANE # 9le AR ALEE
AEE ¥t (4) A=} 7187 vl AR 28 Ealo
(1) FAAPA Sz BB R 9 FALNNY AR B E4slEY &4
gy FHL4E Y AE AE9 F AEAMSo 7175 AEe] sl odl&e] rhsd Aoz Hrisch
vl dlgte] Friebedch
@ AR AT Ao AR & = 7]
AR 4= 2755 W utejnae] 2o gt
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