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Mechanical Properties of Textile Composite(I)

— Impact Behavior of Stitched Woven Laminate Composite —

Sung-Ho Lee®, Tae-Jin Kang®™ and Jong-Seob Kim™**

ABSTRACT

The toughening effect of woven laminate composites by stitching was studied. The effect of
toughness in stitched woven laminate composites was varied with the stitching conditions including
stitch density, stitch type and the properties of stitching thread. The compression after im-
pact(CAID) strength of a stitched laminate was increased with stitch density up to the optimum
level, and then it showed a continuous decrease after the optimum level due to the damage
during the stitching process. The high velocity impact induced damaged area was confined to
smaller areas with increasing stitch density. The stitching of the woven laminate composites
showed improvements in impact toughness and damage tolerance by eliminating unopposed
propagation of delamination from the high level impact energy and maintaining the integrity
of the total structure.

Pl v d%E AUk 2EA PR
B, A A el 2B AALY] FF Foll vt o2

B
oAl AR ZFAagE 4 5 AUl I
HE7F Srbee] met 848 Fage

A 743 BdAEe A9, eldE, WEF

e

# Agdigty dfaial ik
w3 grgviehn moFay



H5te] Aol Xk Ad 23Eg 248
A5 2] & toughening®Hs ¥ o] AM&-Ew

hybrid E¥A &8s}l #o] AZE EYgaige] F2&
WA 7| A A ke
ES AL3)E qcl 2 5 35 wEke B ARE
BAg F2EL 35 B Al 95 sEe T
ZE AA FIF FAAE 5 AR o 55l
gk FAGAA R E TolFo] WEZH A
3L Hold FREAALE »}Emc} Az 2
FAge) FA wFew Mg BAste whge
2+ fiber insertion[1]e]4} z\_s}io[ ~47o] WE

o] 53] 22 I ubyo] fo]ste] A4k e]
E3 FERE Avld] dig Ak AHA get)
dukH o2 ~elAo] glojA ~ElA] Yt E4F
2o kAR AEE 2UbE AERL AE BiAgg
Wie) BAARE EA4AA 23lE Al As)
He 2A3E 9A "HER 44 2EA dRe
o] g sioi5~7].

EgAQEL] Qe FHF Ao UEA=(resi-

dual compressive strength after impact)“t %7
2.2 gk &4kl 5o W odte] HAE
o] F FHF 3o &= EPAE UFF
A3 FREAARE Friske S8 842 48 A
2l 8~91.

2 Ao 44 woven fabric prepreg® A& o}
€A el ~E)A sElo R xE|Alsle] A3l
F 73 dUAE e ok Ao hEtEe &

Table 1. Specifications of stitched specimen.
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Fig. 1. Shape of (a) chain and (b) plain stitched
panel.
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Fig.2. Compression test fixture.
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Table 2. Specimens for high velocity impact.
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Specimen ( 3) densxtzy ness | velocity
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PVB-Phenol 1.23 1.30 10.5 550
(KC-4600)
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0.95 0.95 10.0 530
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Fig. 3. Total absorbed energy and compression after
impact(CAl) strength of S-2Glass/Polyester
composite at different stitch spacings.
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Fig. 4. Total absorbed energy and compression after
impact(CAl) strength of Kevlar/PVB-Phenol
composite at different stitch spacings.

0.3

~
(o]

ro.2

/ T lod

)

[*)]
]
'

Total absorbed energy(J)
CAl strength(Kg/mm?)

[=2]
i
L]

Unsti'tched 20 15 10
Stitch spacing(mm)

| -~ Absorbed energy —&3— CAl strength I

Fig. 5. Total absorbed energy and compression after
impact(CAl) strength of Spectra/Vinylester
composite at different stitch spacings.
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Fig.7. Damaged length of S-2Glass/Polyester
composite at different stitch spacings.
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Fig.8. Damaged length of Keviar/PVB-Phenol
composite at different stitch spacings.
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Fig.9. Damaged length of Spectra/Vinylester
composite at different stitch spacings.

Glass/Polyester A% E3dA8E 50%, Keviar/
PVB-Phenol 3 EB-gAB+= 55%, 22§ o)
w2 Spectra/Vinylester A& Bl 5 75% o]A+
27 E A = slgdh

Fig. 102 10mm 729 plain LB X2 A€ A3}
S—2Glass/Polyester B¢ 89 24= 1 x4l
s gk AAE 2al Ao}, 28 EYgAsE
ddo] AAF g} 2gAex] e HE B3
Agrct o E 35e WA Jrg By
At 28RS A & 5 &
EgAEe] ddo) dmmE FAHH B E ¥
AL e A sl slge] 4% Fade &
T UNL Fdo] s ARG we} AFT 2~



64 olFx - 7R - AEFA

RS AR

2.0
10mm spacing stitcned

1.54
z
~
5 1.0
©
o
-

0.5

Unstitched
0.0 .
0 2 4 <] 8

Crack Opening Displacement(mm)

Fig. 10. Load-crack opening displacement curve
of $-2Glass/Polyester composite.

f

Ol
-

A Abol] o) A& g 5 AFE
Art. o9} e FAFoel kel 2E]A
NBe xEAex] o A3 FYARR
8 gubslE wWye] ool o 4l v W
uAE AulskA Floh a&RAL SRARE
Z4#-2]v} bulging &

A7} Sk s A

2 o Jo Jo
S

AT M) @3 FAlo] SHNUAE AR
o WA BAATE dEe Fomd AR
4

S—2Glass/Polyester, Kevlar/PVB~Phenol, Spe-
ctra/Vinylester 2~8]% B3z} 50 $4& 715t
£AYE gPstod 3k UFAEE 543

=
Aol g £4dee wmgoRA 2
e
3]

©

R
&
L o

Z Bgage £74 A P4 vAe d%E
Z3l9ic).

S—2Glass/Polyester B8 2¥A] zHA0]
AN AFE 24 F 3o EYEI FEE
2907 Kevlar/PVB—Phenol H¥#E2} Spec-
tra/Vinylester 2818+ 247} 25mm2} 20mm]
Aoz ~elAsg s M 2 FAF A

GE=E el

i 2 ofp

4

-

1. D.A. Evans and ].S.Boyce, “Transverse
Reiforcement Methods for Improved Delamination
Resistance”, 34th International SAMPE Sympo-
sium, 1989, pp.271-282.

2. F.J. Arendts, K. Drenchsler and J. Brandt,
“The Application of Three-dimensional Reinforced
Fiber Preforms to Improve the Properties of Co-
mposities”, 34th International SAMPE Symosium,
1989, pp.2118-2129.

3. Gary L. Farley, “A Mechanism Responsible
for Reducing Compression Strength of Through-
the-Thichness Reinforced Composite Material”,
Journal of Composite Materials, Vol.26, No.12,
1992, pp.1784-1795.

4, I.Verpoest, M.Wevers and P.De Mester,
“2.5-D and 3-D Fabrics for Delamination Resistnat
Composite Laminates and Sandwich Structure”,
SAMPE J., Vol.25, No.3, 1989, pp.51-56.

5. M. T.Cholakara, B.Z. Jang and C.Z.Wang,
“Deformation and Failure Mechanics in 3D Co-
mposites”, 34th International SAMPE Symosium,
1989, pp.2153-2160.

6. ].G. Funk and H.B.Dexter, “Experimental



e, 1M, 1995.3

Textile Composite?] T2} E4(D) — L83 E¢aAlge) 24 4 A% — G5

Evaluation of Stitched Graphite/Epoxy Compo-
site”, NASA Langley Research Center, Hamptor,
Virginin, pp.185—-204.

7. G.V.Schooneveld, “Potential of Knitting/
Stitching and Resin Infusion for Cost-Effective
Composites”, Xerkon Inc., Minneapolis, MN,
pp.113-130.

8. C.L.Ong, T.B.Hong and J.Y.Huang,
“Studies of Impacted Composite Laminates”, 38th
International SAMPE Symosium, 1989, pp.978—
987.

9. R. Falabella, K.A.Boyle, “Variations in
Impact Test Methods for Tough Compsite”, 35th

International SAMPE Symposium, 1990, pp. 1454
~1465.

pp. 817-822.

11. oz, 784, $Fd, “2EAe 9%
Spectra/v] o282 HEELgA 8] US4 W
Stel] At A7, FFAHTEI A, A 314 A
1%, 1994, pp.32-26.

12. “Advanced Composite Compression Test”,
Boeing Specification Support Standard BBS 7260,
rev. 1988.




