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Microstructure and Impactive Flexural Vibration
Characteristics of Glss-Fabric/Epoxy Composite Beams

Nak-Sam Choi* and Ji-Woong Sue™*

ABSTRACT

The vibration behavior of glass-fabric reinforced plastic(GFRP) composite beams subjected to
various transverse impacts has been investigated as a function of fiber orientation and void frac-
tion. Theoretical results of resonant frequency, damping coefficient and modal amplitude disper-
sion using the Euler-beam theory were obtained along with the finite element analysis, which were
compared with experimental ones. Consequently, it was shown that the transverse vibration char-
acteristics were largely affected by fiber orientation and void fraction.
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Fig. 2. Simulated impact load shape

Fig. 4. Specimen preparation according to fiber orientation
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Table 1¢] Z A 9% B 459 7173 AR
£3E Ve 717 Qe Al Ve o 61%, 7]
F e A Ve o 58%HTh AF $es g
o] Zolwrgro] 45°2h-& o] F&= AlH B, By 72 O°
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Table 1. Specimens and their compositions

specimen | fiber | demsity | V(%) | V%) V(%)
direction (g/cm3)

A 0° 1672 | 57.78 | 3711 5.1

A, 0° 1762 | 60.89 | 39.12

Fig. 5. Impact bending test

1
0
B 45 1617 | 5796 | 3487 | 7.16
B; 45° 1742 | 6244 | 3756 0
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b. Specimen without voids

i a. specimen with volds

Fig. 6. Cross-sectional views of composite plate by a scanning
electron microscope
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JebgdAsn] Hoh 834 228 3F FYAT € F
AYAZATY Ao AEH o] I
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Fe s AnE 4394 A #-¥ANE F Y

34 FP4g o8 TR SEEAAT Fol
$H]E Table 20] VeElth Al A3 A9 &84
£7F 742y B3} Boo] oF 24 xS & § Sith o]
Re Aaufgkdo] s AjHe] ok o] A
Asksty LS vehdth E8 AHE A, Byt 47
AE Ay, B 20 @845t e A& ¢ 7 AUk
AL 717E T e AlWA,, Bio] BYAF
oA 4e] AstHASS B Foh

Folpule FIYAGA| AEH Aok WFE
of thet Huer ¥y g vzn FF3ed A¥ B,
B.7b 24zt Ay, AjErt 28] o] e A2 € &
At olRAE M A9 gisle] ule} AJHO FolF
ul7h 24 AsehE vepdn.

78] & sine sweep AF) 2T half—power\‘ﬂ_o.

Table 2. Composite bending modulus, Possion's ratio and
damping coefficient

Bending ‘ _ I?ampmg ratio(£)
: Possion's | Optimization
Specimen| modulus . Sweep test
(GP2) ratio | method
& & 2
Al 19.5 0.183 | 0.00241 | 0.00237 | 0.00191
A 257 0.186 | 0.00236 | 0.00211 | 0.00193
B 111 0.425 | 0.00623 | 0.00577 | 0.00441
B, 127 0.486 | 0.00591 | 0.00554 | 0.00475

2 7% Axe HAE P o8 FXF AT W
oz 8 Azl optimization)EA Table 20 YE}
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e olfre Hou Ads A3 9AsE F AR
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half power {3} £ 7|22 T3 13 R=9
ZulE 2~10%20 2 H5d A4S YeE RE
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FE A8 7Y £ dSE VR

T, Al AL, Axel Z3ul7) A By, Bag] 40%
Atk o]y AfHigke] 0° L/t eAsE It 74
7} Ztom wjgkzio] 45° A @Au|7t Fol A
& Age F 254 IALE ¢ & Aok =g, 14
2o ZaAFE A B9 A9t Ay, By Bt 242}
AR gk 22 2RE9] ZAAuE I v Z29E BAE
t}h ol 7139 EA7F A4Mel vlXe ] =
A% 2=d gt @Ed e AlARTh

4.3 ZrFas

Fig. 7& fgradsiie] o F2A937e] FFT
Z49E Jepdch 247 fe Ase 4 REE
gRl(modal power)7t A 4t Hu e W
A7} e AflE AO5), ()22 adt B2 149
27} BRAFvRE Qo] HAYSIER 33} o] B
A = 77} FAs oUAZE AdE R 1, 23
2ooaAet duxzt AFHA UL & F Utk o
7R dE A4 FREANE FEE A B
F UAT H® 1} REg 23 REhs FAH
2 2d3g 494 24 E 2E A4 31534
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Fig. 7. FEM simulation result of damping effect on flexural
vibration
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Table 3¢ o834, fFaisy 1z d¥S
58 77 3R FI5E Ve ole Al A9
2R GeA 215mm Gojd AX gAY FAANET
of gk Auct olBaNF FXFH e FAFIAFI}
o FARE o2 Hol, fEaadA Ald AR
Euler-B 24& £ A3 A @44 dal 4e3)
g3 Aoz ylgdEnt aev olE siMdde F5
Fo] 7] ¥l Wl ANz IARCry) B5-E 494
e} 4] Apolg Mt oL o] M HI 2
iAo 1344 e B 2 o|3F diFAs
%(unit impulse) € A& ou, dPdre F4
2mm, £ 10mm¢ thx 23tdd] dgsle F2EY
FEFTY $AREFLE B F4Wg qdd
FRREs} dAEte] e FANEATH HHEA
7] W &olgts AzErt.

Table 4= A@d o3 AHE FAFIse 2
AZEN Adjolth. A¥20E 920mm EoldM &%
T ARFHEE o8 FAHLE 7 AR g FY
b Ay, A9l 3R FE57t 244, By, Bo A5
R 3A vepdes ole Af wide] Al
o] gt dAst Aol =] wEo|th ol 7]
Table 3. Comparison of resonant frequencies of specimen B2,

obtained by theory, FEM and experiment

frequency Undampe? : Fﬁﬁampegm
() | Theor. | FEM h=90mm | h=920mm

Theor. Exp.

Fig. 8. Spectral analysis result of impactive vibrations due to
steel-ball drop(h=920mm)

o] d¥& Al¥™ Ay, B ©A4AF7t 71F0] gl A
Ay, Bool ¥l3) F-eu| % E73l3(Table 2) 713]
' AEe 33 Fagrt th & olfE 71l
= AHo] =47} o AM 29734 (Bending stiff-

r 30 ¢4 ol

ness)o] 7] wjiolth E 23 REC|FOA 71F

o] J& AlHe] 7170 gl AWET I Fupgrt
0 AXe AL 4 5 Jded ojRe, F¥ A &
Fho} g, Zajule] A8A3NTable )X 2471 7]
3ol gl A o AA e G Aoz
Belh

39, R@AEZ(Fig. 8¢] hy, ha, hs, ) 7 33 F
o] thesEE Table 49 Uebded], Al Az A
He] AZEo] By, B; AHEL ¢ 2L olfe A A
He) Aol AM FUF At FA s vl
ok 23 27 & BAIACA 73] fF wet B
g AZ9] Alolrt e olfw A Xolrt #H3tY]
(Table 2) fj o2 3Zgd. FAFHE7 45 A
E3o] A3 oAl A2 AHY xEEA L &
Aol W& Aolti{16, 17]. Foe] F7td wret A F
%Y Aage e BAHGA o AZEd, ole
AHAFTE ANERT X9} 23 Z2E J]FoR o
2.5 ZWA 3zHEAl A E4dquA Urt ohg
H{171el A AztA ‘

¢

AU=C,N&,Z et ee s e e s ene (9)

(A7A Cre FarolE &84T, NS 3R EF,
&8 BYENE) w5y Foprol HEE &9 AF
Table 4. Frequencies(fi) and the corresponding modal

amplitudes(hi) for each specimen

specimen f] h1 ) f; hz f3 h3 f4 hg

fir | 156 ) 156-] 156 | 156 | 155 | 155

A, | 2164|3583 [136.49] 11.52 [385.04] 5.78 [120.58] 2.69

£ 977 | 911 | 917 | 917 4 976 | 993

Ay 120,53 | 44.161122.06] 15.54 [338.99| 5.09 1660.79| 3.90

bl 2737 | 2137 | 2737 | 2736 | 2746 | 2757

1 By 116.64|54.06|106.53| 16.04 [308.48] 4.50 [604.75| 3.12

cify | 5364 ] 5368 . 5362 | 53601 5387 | 5415

B, |15.53|58.0797.65|16.88 [274.63| 4.65 |538.73| 3.24
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Table 5. Simulated dispersion of modal amplitudes depending
on impact duration time(At)

A(msecy |  hy h, h; ha
f 32 1
b 5.1 0.93 | 0.90
i) 1.8 095 | 0.86 | 0.69
fa 0.9 096 | 0.89 | 0.87 | 054

Table 6. Normalized modal amplitudes depending on specimen
microstructure and resonant frequency

spec. hl/h21 hz/hzz h3/h23 ha/hza
A 0.81 0.74 0.70 0.68
A, 1 1 1 1
B, 1.22 1.03 0.88 0.80
B, 1.31 1.08 0.91 0.83

#oll g7 JEgozd BAMS nXnEdN %
A7t vl AR WEcR AZE.

4.4 RERKIZO] HAL
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AFE quU 23 B=E2 Z 88 EAgm g
ok
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