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Impact damage and residual bending strength of CFRP composite laminates
involved difference of fiber stacking orientation and mmatrices

Jae-Ki Sim* In-Young Yang** Taek-Yul Oh***

ABSTRACT

The purpose of this study is to investigate problems of residual bending strength and the
impact damage experimentally when CFRP composite laminates are subjected to Foreign object
damage. The specimens composed of four types of CF/EPOXY and a CF/PEEK composite

" laminates which involved difference of fiber stracking orientation and matrices. The result
were summariged as follows : 1) It is found that both orthotropic and guasi-isotropic composite
laminates are increasimg lineally between impact energy and damage delamination area. 2)
Delamination development energy(mm2/]) of CF/EPOXY composite aminates is less than that
of CF/PEEK. 3) When impact energy is applied to specimens within 3], the residual strength
of orthotropic is greater than guasi-isotropic composite laminates. On the other hand, it is
predicted that residual bending strength of orthotropic composite laminates is less than that
of quasi-isotropic when impact emergy is more then 3J. 4) It is found in CF/PEEK that
for the impact side compression, residual of bending strength versus impact energy is almost
constant, while in case of impact side tension, residual bending strength is decreased rapidly
near 1.2]. of impact energy due to the effect of delamination buckling.
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Table 1 Characteristics of CF/EPOXY specimen
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Table 2 Characteristics of CF/PEEK specimen
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] 1.75X10° | 1.6X103
T T agmy | kg/md)
o0 % 7 = | 35300MPa) ﬁ%mm
Q4e4 8 | 230(CPa) ﬁ;]&aj
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Table 3 Stacking sequences of specimens
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D | (0°4/90°4)a 16 | 2.5 |[CF/EPOXY
H | (0°2/90°2/45 2/-45"2)s 16 | 25 [CF/EPOXY
I | (072/45 2/90 2/-45 2)s 16 | 25 |CF/EPOXY
T L0490/ 00/00/04)] 16 | 2.65 | CE/EPOXY
P (074/90°4)s 18 | 2.2 | CF/PEEK
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Fig.1 The apparatus of impact testing
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Fig. 3 Three-point bending jig
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Fig.5 Delamination Area of specimens

Fig.5& 5%79 CERPAHZA A8de) HEYE
Es!

rulo file

Pog & &5 @vlRE o 8de AW B
29, 3¢ dEx d¥2ds Jed,

Fig.5 (a) (b) (c)ole HuolP4 HZAA A@d
D, T, PAERY 71] A, B 33 293 A
A& vepfd, A4 AW A, 542 Y BY £
FAoltt.

Fig.5 (d) (e)dE AAEEY AFAL AFE H,

157

A4Z (1993, 129)

Fig.5 (f) (g) e A]@Io A® ABC ¥ DEFY %3t
g4 BAARE UEith

A2 AR A, F %&i% AH B, E,
Ad C, DY =2y LrEpd o,

ANg#H D, T, P= xﬂﬂ#fﬂ 27} o|EE ZZHHo)A
A A, 34E yvhiddA AW Bo FHELUAE
235t AW ABY wAS PR AL 2 BHIE
ERCR sta, AFHA HEAd AEE H, &
AHo] 67) o)nE ZHWHAM AR A, B, C, %A
diZe Ad D, E, F 2% Bejpad %@6}01
Pag FRTARg FEAEN g8 470 B 2w
AoF Ytk

xE2 *
15.0

Bue

o[}lr m]o

10.0

T T T

5.0 |

Delamination Areo (mm?}

0.0

2.0
Impoct Energy (J)

3.0

Fig. 6 Relation between Impact Energy and
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Table 5 Results of Delamination Area Measuremnt and 3-point Bending test

METHE | AFHHE | AHHEHFA| £Hsc | E24odA| 224Hy | DosiE | SEnaEy | S EAMExd
{mm) {mm) [m/s] J] [mm?2) [KN] [GPa]

DN1 40.0 2.5 0 0 0 2.28 1. 64

DN2 40.1 ” 0 0 0 2.13 1.53

DIl 40.0 " 65. 8 1.082 190. 87 2.13 1.53 339 ¢4
D12 40.0 63.7 1.01 2.06 1.48

D21 40.0 82.6 1.706 472.68 1.93 1.39 »

D22 39.9 ” 83.3 1.73 1.79 1.29 ”

D31 39.7 ” 100 2.50 800 1.51 1.10 ”

D13 40.5 " 65. 8 1.08 176.1 2.18 1.55 » A%
D14 39.4 63.7 1.01 2.07 1.51

D23 40.0 ” 82 1.68 451.7 1.93 1.39 ”

D24 39.7 82 1.68 1.80 1.31

D32 39.8 100 2.50 822.5 1.74 1.26 ”

HN1 39. 95 ” 0 0 0 1.551 1.118

HN2 40.0 ” 0 0 0 1. 551 1. 089

H21 39.9 ” 83.3 1.734 398.5 1. 465 1.057 | 349 43
H22 39.9 ” 82.0 1.68 386. 56

H23 40.07 ” 80.6 1.624 374.4 1. 561 1.122 » A%
H31 40.1 ” 101 2.55 699.2 1. 266 0. 909 v U
H32 40. 15 ” 101 2.55 649. 64

H33 40.15 ” 102 2.601 691 1.089 0.781 » A%
IN1 39.75 ” 0 0 0 1. 3942 1.010

IN2 38.8 ” 0 0 0 1.480 1.10

121 39.9 ” 83.3 1.734 440.07 1. 465 1.057 . A%
122 39.9 " 82.0 1.68 480. 77

123 39.95 ” 82.64 | 1.707 390.0 1. 565 1.123 - A%
124 40.0 ” 82.64 | 1.707 392. 76 1.57 1.130 " 4E
131 39.9 . 102 2.601 855. 4 1. 396 1.007 r G
132 40.0 " 99 2.45 718.76

133 40.0 » 103 2.65 811.6 1. 4086 1.014 . A%
TN1 | 40.0 2.65 0 0 0 2.221 1.482

T11 40. 05 ” 70.4 1.239 2.262 1,447 . dE
T21 39.9 " 82.0 1.681 352.35 2.032 1.303 ”

T22 40.1 ” 83.3 1.734 431.95

T23 40.0 " 84.75 1.795 465, 98 2.315 1. 483 » A%
T31 40.0 " 100 2.5 666. 72 1.343 1. 245 . &
“T32 40.1 » 101 2.55 838.6
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AgHy | ARBRE | MEHSH| SusT | SA0UR)) 22Ed | Siels | 8T8y | IEAMEEH
{mm) (mm) [m/s) J] [mm2) [KN] [GPa)

T33 40.0 2. 66 97.1 2. 357 621. 53 2. 094 1.342 23% 9%

PN1 40.0 2.05 0 0 0 1.39 1. 480

PN2 40.2 2.15 0 0 0 1. 488 1. 441

P21 40.4 2.15 74.6 1. 391 574.8 1. 486 1.433 A9 94

P22 40.0 ” 84.0 1. 764 735. 4 1. 404 1. 367 E

P23 40.0 2. 20 83.3 1.734 728. 2

P31 40.0 2.15 99.0 2.45 1236. 8 0. 867 0. 844 %

P32 39.9 2.20 100 2.50 1324, 8 1. 495 1.393 v &

P33 39. 55 2.20 100 2.50 1360 0.825 0.775 v A%

P34 40.0 2.15 97.0 2.35 1098. 2
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Fig. 9 Variation of the Strength Retention Factor
with Impact Energy
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