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Characteristic Analysis of Falling Weight Impact Response in CF/Epoxy Composite Plates
Using Frequency Responses

Kwang-Hee Im"™, No-Sick Park”, Young-Nam Kim", Sun-Kyu Kim™ and In-Young Yang“"

ABSTRACT

We have implemented a system of falling weight impact tester in order to evaluate the impact energy
absorbing characteristics and impact strength of CFRP laminate plates. The absorbed energy of T-300
orthotropic composites is higher than that of quasi-isotropic specimen over impact energy 7J, but in case of
using T700 fiber, much difference does not show. Also, absorbed energy of T-300 orthotropic composites,
which are composed of the same stacking number and orientation became more than that of T700 fiber
specimen; however there was no big difference in case of quasi-isotropic specimens. Delamination area of
impacted specimens was measured with ultrasonic C-scanner to find correlation between impact energy and
delamination area. Delamination area and frequency responses were evaluated between impacted and unimpacted
specimens. There is a strong correlation between frequency responses and impact-induced delamination. The
presence and scale of damages have been investigated based on the variations of frequency responses.
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Fig. 1 Schematic diagram of falling weight tester.
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Fig. 2 Details of the drop-weights.
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Fig. 3 Relation between displacement and load.
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Fig. 5 Inspection method of composite laminated damages using
ultrasonic C-scanner.
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Fig. 6 Position of strain gage on the specimen.
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Fig. 7 Load variation in time (Specimen A, Drop weight I, Release
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Fig. 8 Frequency response function (Specimen A, Drep weight I,

Release height Scm).
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Fig. 9 Relation between absorbed energy and impact energy(C, D).

35

3t  ospecimen A u
25+ MSpecimen B

Absorbed Energy(J)

0 2 4 <] 8 10 12
Impact Energy(J)
Fig. 10 Relation between absorbed energy and impact energy(A, B).

OHE T3004 ¢ T7008 8 AHE-8H2 0 T300H /8 ol &
g AR C7F TI00H RS ol &8 AlE®E A9 go] %7
AquA G FeAuXBAZ dFF 737AE 3A YegR
= GAAT gigk gro)dd e AEE 7l FFAUA}
A 7t 3Rk ol ARy A=t FFEouAd I
£ HA7] o)zl AzZtEco) Fig 1282REH xJdE
T700H & o83 A¥H B FFouA7F T00H7S
o] §%¢ Al¥dA pro} A YeEPARE AN ER I F0)
ol @etA A JYEA g5 & 5 Uk

32 FOs S

248X AFHe T4 HE 2EHQ AoAE
AN FAANEE Aok a2y AEEY &8 Pt
T AF, AEEY dFde FE, §71 T dPol A
gk F3 APAE 2EHA AJAE NHHY F
HAAN =5 Eold fAAd & & wort ok =T
FRPE o9 AL /HA==2 &3] AT B
vehd 24 d ¢Fe 4, S HES F 9% A
F Bl wet dYsts By glemg, 2EH Ae]
A9 F&9A, BFe wet e Fag gl AEdoh
A £ oA 2EHQ Aol RFAA, 54

T

Impact Energy(J)
Fig. 11 Relation between absorbed energy and impact energy(C,A).

4

35 ¢ OSpecimen D a
3t B Specimen B

25 m O
2 Oy

15 |
1} a
05
0

Absorbed Energy(J)

0 2 4 6 8 10 12
Impact Energy (J)

Fig. 12 Relation between absorbed energy and impact energy(D, B).
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Fig. 14 Frequency response function (No. 1~3 Averaging).

o 2EdQlo] 2A Wsin J&L Uk A3t
£33 Aol vE) &R Ao AA AHststa gl
& AojA e g A 2EHAE IA WHatetgl
AolA3e) g A 2EHAL ¢EHUFA A
ZAsta Qloh ol2RE AEHY AolAe] BY ¢
net £7 &AdAAd Fo] ~EwQ Wil ¢ae Ag
3] thEA viebgt) ZHzhe Al@ Ao gisiA AlolA 1~
30 g8 Fo5 FBAFE vlastA Ao)AL, AolA2
of 2% Fot FRASFE digts] & SAlEetn dee ¢
Rt o] e =EHR AolAd o ¥ AEAN 1
He Hudd AFEE F dXsn Jou nAg B2
AAE titelE Yehla gt o] fdoezANE Hli&
359 4L A4 F A7) WEd, 439 FHANHL
2 &4 B7te Agg o] grlde A7 o] Nol~
No3el 2% F3tg SRAlF, Fuig 84T dg 2z
7t st A g 4N, 2 298 dasych Noi~
No3el ols] H#F3 ANUE AAAA F95 $BAFE
Fig. 149 EAEHQlch o]ES 43 u]a3ld 300Hz-3kHzS)

o L Loy
i
X

BREGHHEgR
1E-02
Not damaged
+ 1E-03 r Damaged
=
[
g 1E-04
=
E
< 1E-05
1E-06 - .
10 100 1000 10000
Frequency [Hz]
Fig. 15 Frequency response function (Test 1A).
1E-02
— Not damaged
= TE-03 | Damaged
z
— 1E-04 |
(1))
o
2
5 1E-05 f
&
1E-06 |
1E-07

10 100 1000

~ Frequency [Hz]
Fig. 16 Frequency response function (Test 2A).

10000

ool GRe) e Mz thed dshald. o 2
2 28 9 F 235 JAolHY FRSTAN 4
A A%g ¢ 4 Qod werd Fa5 3RS @
EFHT M, 2L ASHLZA S SRAF

@ &4e f79 WE BAE verd & o

3.3 &4t zof ast Fa SEHAISe vim

Figs. 15~16°] TestlA~Test4Acll $lolA &AA8 Az}
&3 Fo FIg FEAFY Hug FAFAL &
AR A, Fo FIlg FRASFE uaE wos 300Hz-
3kHz® F35 HHE vlmgo] HAsittn AzEr o
oll, 282 2 F35 99 d¥vg A%

JE] 3 Fig. 16945 &4 24 A, Fo 5§87
Aol Mg vel Wed 2 A 2zt ol 2
T ANFEHES] A dolok FteE] wWHo] AAHA
A2 Ao vE &Ly Fo si¥o| AFule] W
2 o)Fstxn &ol BHHUTE TestlAd] & Fujg=
SHEATE &L A, FAA A Wt UeA o
ok v TesA AAE AP Ye AEY &40
A Q3 S4EA Fo FuEgEASE 1kHzol 39

HH QlojA &R AROE HFE Fog o]FsA

o {0 rf



H16% 5 2 5% 2003. 4

Fo9¢ $9S o] 4% CF/Epoxy

29h3Y 3357 5497 15

1E-02
— Not damaged
= 1E-03 | —— Damaged
=
[o)]
:S 1E-04 |
é
< 1E-05 }
1E-06
10 100 1000 10000
Frequency [Hz]
Fig. 17- Frequency response function (Test 1C).
1E-02
— Not damaged
- 1E-03 |
Z
o VE-04 F
Ne] .
2 ]
= 1E-05
£
< 1E-06 |
1E-07 - ;
10 100 1000 10000
Frequency [Hz]
Fig. 18 Frequency response function (Test 2C).
o} f&o] &Atol A F718 TesBAS) TestdAol e =
S SRATI A WG Fig 17~182 I o
g AQW co) Fatrst AF BAS Uehich AER
B, C, Do HISIME &40l A& 71saiglnt ol AlE

£4TE7} 2d AEAY 8 Bl Astst
AR E7 Astste Aol Jdgtin A}

ZZ49qURA7}L 31100l wE Aozt g 30
mm] AlEH Tes2CE F FZH &0 vle) S35 SEA
¢ ®W3hE 110Hzolth Fig. 202 FFUA7F 3.1
Tes2DA @M Q] H2-2A wtz]Zdo]7} theF 27mmol™] F3}
F SEAIFY W AP DY F FALEY H§
60HzE UElwth 4% 33 A dolA Fag $H
AFe A oy AP 194 T-3004 %8 ol &F
Aol T-7004 /5 o83 A¢u) 36% A el
th ole ¥ Ao wszlel fAdelzt AL YEFH o
g3 F FA&EY AN g Fiae $EASE
B7tst7] &4 Fig. 219 vEbd AXY Fa¢ $FASF
9] z7i9] W3}l Z, 400Hz~500HZAO1 S 712 3o ¥ &
Ao 93 Futg SRAT 2RER A% Fas
SEATY Aol FaFEANE Fosi

. Fig. 19&

Fig. 19 Observation of delamination area (Test 2C), LE. 3.11J.

Fig. 20 Observation of delamination area (Test 2D).

Table 1 Resluts of the tests (Specimen A, Drop weight I)

Test | Release height F_max € mex (X107

No. [m] (N] Gage 1 Gage 2 Gage 3
1 0.02 569.2 0.549 0.250 -0.054
2 0.02 558.5 0.539 0.238 -0.064
3 0.02 549.5 0.290 0.232 -0.063
4 1.5 29242 1.167 0.909 -0.183
5 0.02 5227 0.479 0.218 -0.063
6 0.02 492.6 0.407 0.218 -0.065
7 0.02 431.0 0.276 0.174 -0.056
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