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Impact Property of S-2 Glass Woven Composites with Different
Matrices and Stitching

J-H Byun*, B-S Hwang*, M-K Um*, J-H Lee*, W-S Nam*, S-W Song+, C-H Lee'
Abstract

For the damage tolerance improvement of conventional laminated composites, stitching process has
been utilized for providing through-thickness reinforcements. 2D preforms were stacked with S-2 glass
plain weave, and 3D preforms were fabricated using the stitching process. For the matrix system,
epoxy and phenol resins were considered. To examine the damage resistance performance the low
velocity drop weight impact test has been carried out, and the impact damage was examined by
scanning image. CAI (Compressive After Impact) tests were also conducted to evaluate residual
compressive strength. Compared with 2D epoxy composites, 2D phenol composites showed drastic
reduction in the compressive strength prior to impact because of the higher contents of voids. The
damage area of 2D phenol composites were also larger than that of 2D epoxy composites. However,
by introducing the stitching, the damage area of 3D phenol composites was reduced by 60%, while
the CAI strength improvement was negligible.
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Fig. 1 Microstructure of stitched S-2 glass woven
composites:(a) epoxy and (b) phenol matrix.

3.1 5L
Aol F24 & ZFAEE Hrulslr] s
TS 7I6HA &L AF9 AFAIEE sigin

Table 1-& 7} A]# 9| J% L
Ebl Zlo] 3EolA] -
a{:}.g}] o] oL_7-7L5__ m o

ARG @A U2 AL & F gded, ole
2B A df F99 FAHT qEez 44w
ol HE 5 B FE gro] ClFA AlA
o H&F FdFHom ¥ AL & F Ued o]
i+ Fig. 1914 Bi= ule} o] thake] 7] o
olt}y. e}, 3D HlE E§Ae ¢F FE7F 2D
HEw 534 AERT & A2 Af ohd Aol
o] a9 Ade 2EH AR/7t JAsN7] W&
o]t}



Table 1. Compressive test results of S-2 glass
woven composites prior to impact
) Strength Modulus
Type (MPa) (GPa)
D Epoxy 379 (£13) 26.0 (+6)
Phenol 168.4 (+28) 29.3 (+4)
3D Epoxy 329 (+62) 22.8 (£9)
Phenol 182.7 (£29) 26.2 (£13)
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Fig. 3 Scanned damage under 25J] impact energy:
(a) epoxy system; (b) phenol system
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Fig. 4 Load vs. time curves: (a) epoxy system; (b)
phenol system.

£l

2|

o

=

Jo

Table 2% F74 AHE TF %
w2 E3Ae 323 AE ZnE A
2E A &2 2D AlH FA AR HE F
Z EAL d49ud, a5 G S48 ouA

717} HAE BE€A7F d 3, e BEH
7184 98 Af el 27 o FHLlsA
Uelst7] wiiel 2D #HE EHFAL &4 wHo]
A et

~E 5 Al (3D)9
2 BdAQgs G955
ol ol thae] W37t AR %t
27} a9 3x] g aw
785l =
2D BFARY Folk &5
AER F7 24EL E
of BXE 7]Fo] wE A
A Awd g 74 ]

FAAE A5 AFEAE AHE

ol |y
oM

7

)

(o)
=
=

H

&
L2
O
=
uF



%ERE7
A g
W7k A
=

Table 2. Impact test results of S-2 glass woven 2D
and 3D composites

ct | Absorbed .
eng%p)? per | energy per | Damage co[rzne[?rlggsai]ve
Type unit unit area

thickness | thickness | (mm?) S(tﬁ?,gt)h

(J/mm) | (J/mm) i

5.09 1.779 380(+34) | 154.1(+6)

S 6.37 1.902 398(+23) | 159.8(6)

: 760 2.02 496(£61) | 134.7(x8)

oD 8.65 25T 456(£80) | 153.4(£7)
4.99 1.934 667(+46) | 116.9(x4)

P 6.07 241 917(x49) | 117.0(x1)
7.52 297 997(x179) | 110.4(x1)

8.56 3.30 1218(+191) | 107.9(x2)

5.02 1.614 274(£32) | 161.7(x3)

- 6.53 2.20 380(x30) | 167.7(x6)
: 7.87 3.10 487(£68) | 150.7(x11)

D 855 2.39 494(+82) | 143.7(x4)
5.70 211 285(+18) | 114.3(%5)

o 7.10 2.60 325(+26) | 118.7(x3)
8.66 3.27 378(+60) | 114.5(x2)

10.07 3.90 415(+53) | 110.9(z4)
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Fig. 5 Comparison of damage area normalized by
absorbed energy.
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