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The characteristics of impact damage absorbtion of Gr/Ep composite materials with non-
woven tissue are investigated in this paper. Composite laminates are made by inserting non-
woven glass or carbon tissue hetween the imterface layers, Low velocity impact test is
accomplished and the impact induced delamination is examined by ultrasonic C-Scan and mi-
croscope ohservation. Experimental results show that the area of impact-induced delamination
is reduced by inserting non-woven tissue between the interface of composite laminates
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Fig. 1. Simple two-ply damage model.

A4 -

#2727 57

ol &

7rE| A= Fobe] maldtee] wAElA
ola] maAlFdel ubge FHA e £
frsbA =Hv o] Ax} 2713w 5 dlAls)

°lN'3&Ei—'Pﬂ 2 ogE g R
o N, 0 N
_% N! = F‘ﬂ . Q{}l[
°?’~°‘r¥l&rtl']_qj77‘1';1°minﬂ
o, ’ l'l& e it L,
b5
¥ g op oW
o g
EO L i
R CA L
Moo i 2 i
I"—'Li ﬂf}% O?.l".‘n e
@ 3l 5
2 1ir o
r—ﬂ- [rled %‘ O£
2 i - o
> e L
£t
LTa e
—_ jﬂ' _YL --{H‘.
e
e R dn =

3-1 A[EEHS SMX Y

EgAlse ¥ 2EF o] B(autoclave)E
Algstglch, AHEE HEgl 2AEE AF)EA|
%2 Ald#H (Laminate A), F&] $3F2 Algh

A8 (Laminate BY 2|3 g4 22 22 AlEl
A8 ¥ (Laminate C) 3FHF-5 Alzsly o], g2
%A= [0,/00,)s02A Fig. 29} 2eh. 2444w
&) Z7|%& 100% 100 mme| Hrpzha e 2 A=k=q)
o} FAEE Fig 29 Z2o] A48 7ler} #shy
= AR AbglEtdch Ay Abgd ]z}
Bl 9] 24D F-E ASTM D-30394] 27159
A&l o, LA T BAXE= Tahle 13 2,
B B9 A 3wke] 242 Tahle 2¢l vie}
Wgleh?® of714] B3 X Afiake] StalAS

Non-woven
tissue

Fig. 2. Stacking sequence of [0,/90,], laminates.



A9d 2&, 1998

Table 1. Material properties of non-woven tissue

Young's  Poission's  Tensile
Modulus ratio strength
(E) v {c.)
N -
glos tosge 850 GPa 043 93.6 MPa
NonWOVED 05 GPa 050 177 MPa

carhon tissue

HH4£5 4% Graphitefipoxy

Sidrd 4 54 127

wpg|

Table 2. Material properties of composite laminaies

E1 E2 G]_2 S X Yt
(GPa) (GPa) Y2 (GPa) (GPa) (MPa) (MPa)

1248 7.80 031 4.62 1730 1920 37.7

9Jr 7%, Btk You A alukae] Bl A el o}
‘45}1444 ve ZolEM| (poisson's ratio), G,
= A, S Ak},
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Fig. 3. Impact test of a [0,/90,], laminate.
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Table 3. Maximum value of impact test

_ Ab-

Lam- "elo ﬂDe' Load ]én Pact oo rhed
inates city ection (kN nergy Energy

A 1.302  3.08: 1339 2400 1611

B 1.291 2943 1410 2352 1.504

C 1.303 2991 1408 2398 1.608
o0, o] WAel 9 B thz 45wl

WAl $e & 4 ik,

Fig. 5% $70] 7WiAl & 59 515412t F4d

3} g9 FAE YR gl
Eo)&t AlERE Fig. 5(a) FAlol4 1 msecell A

1.5 msec AfolollA] Blge] Zrlalr| e A&

— Lamtinate A
Sy, T Laminaie B
\ ------- Laminate C

Load (KN}
=]
%
L ) I B I

Time (msec)
(a) Load vs. time.

Laminates A
_______ Laminates B
———— Laminates C

Load (kN)
(=}
-]

TTTTTTTTT 7 T 0T

00 05 1D 15 20 215 18 35
Deflection (mm)
{b)} Load vs. deflection.

Fig. 5. History diagram of impact test.
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Table 4. Delamination area of [0,/90,], laminates

Lam- ) W H Damage  Total
inate Region (mm) (mm) area  damage
Upper 9 14 98.96 mm’ 821,59

A .

Lower 46 20 72256 mm’ mm’

B Tower 15 412.33 mm® mm’

2
c Upper 9 9  63.62 mm 675.45
Lower 41 19 61183 mm* mm’
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Fig. 9. Delamination surface of laminates.
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