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Experimental study on the behavior and characterization methods of

composite laminates to withstand impact

SHEN Zhen* ', YANG Shengchun', CHEN Puhui*
(1. Aircraft Strength Research Institute of China, Xi’an 710065, China;

2. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; An experimental study on the impact resistance and compressive strength of damaged laminates was
carried out by using about 800 specimens of 14 composite systems. It has been found that there is a common knee
point for the impact energy-dent depth curve and the dent depth-compressive strength curve for the same type of
composite laminates. The overlapped area of the inner delaminations does not increase and its compressive strength
does not reduce generally after the knee point occurs. Some fiber breakage at the impact location on the surface could
be visible after the knee point occurs. The damage tolerance behavior characterized by the traditional CAI method
may get the opposite conclusion obtained from the structural verification test results. Therefore, a characterization
system for damage tolerance and damage resistance behaviors of composite systems is proposed by using the knee
point features of the capability of composite laminates to withstand impact (including damage resistance and damage
tolerance) , i. e. the damage resistance and damage tolerance behavior is characterized by means of the maximum
contact force, F,,., and the compressive failure threshold value (strength or failure strain) (CAIT) of the specimens
with quasi-isotropic stacking sequence respectively.

Keywords: composite laminates; impact damage; damage resistance; damage tolerance
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Fig. 1 Integrity requirements of composite structures
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(a) Drop-weight test device
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(b) Impact support fixture
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impact by using two different damage-introducing methods
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damage introduction methods
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laminates and the corresponding inner damage state
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of 7 types of composite systems
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Fig. 8 Behaviors of 9 types of composite systems to withstand impact
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Fig. 10 Damage mechanisms of damaged composite laminates by QSI method
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Table 1 Damage introduction parameters of the specimens used for thermal deply test

Damage introduction method Drop-weight QSI
Specimen No. A3-1 A3-2 B4-1 B4-2 A3-3 A3-4 B4-3 B4-4
(Energy/contact force)/(J « kN~ 1) 8.0 12. 30 30. 30 41.70 3. 60 3.89 8 11.53
Dent depth/mm 0. 24 1.38 0. 26 0. 94 0. 26 0. 40 0.34 0. 54
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Fig. 9 Damage mechanisms of damaged composite laminates by drop- weight method

2 H BRI MR Pl e . AsmERE H
W] LR 353005 C— P R B O R 1 2T 4 W 28D, I A
S BRI R P A F A BB - 3l 35 3 BEL T
ZOR . B A MORHES R R4 0 A BR 32 2560 i rp A
JEEJBE 1) 5¢ B AE 32 B el 1T v AT R 38 B A e o ) (il
R TR AE HEAE

= FFR A 136 J, R KALAT fE



L S A MORHZ ER i AT B R AE s 1 SRR B 5

B o oAl e R B PR JE . 2 B AT R R A2 B
FE R BT . BT A OB e B4 0 R Y
P FRAEAE R [ 43 )2 B i 2R T A] R WA AT ]
M HE Wk R R R . b T ORUESS &
A T I CHL BT R R AT B S R UL o
i dh s (BVID) A Ay 28548 Hh A3 ] B 4G ) L ) ) e e
B/ 305 R s 9 T a0 M BE (i an 2.5 mm™)
ke E AR . BFIE R 2R R R A5
{1 T 208 T 11/ PR 3 22 B e 5 o o 40 45 )2 T R
MR IR 45 S . Xk SRR, A MORHA R N
A AR B FRAE BT 0T 47 0 AR AR AT I
3.2 xftE4 CAL Fix89iEM

H AT N AT A5 B 2 450 0 75 B BB 1 1T
W HEAR AR A e SCIRES J s Sk [ 12 1w v 3 50 7
DA CATCopfy J5 He 4 5 ) fH R RAE /Y, Kt
IR e 2 B A v P E B el BB SR 6.7 ]/ mm
5201 CATEA 7] BB A7 F 6 46 B 3K il 4 1) S il R
B IX . PRI 9% o 5 B 2 % 17 1% R 46 56 B2 (L (CAD)
55 FH b I 48 8 IR 1A CCATT) SR 3 f 44 B
PG A B R AT BB 15 2 8 2 AR 1458, Wk 11
s Hop I 11(a) 3B CAT F1 CAIT 45 2 A [6] 1Y
456, A 11(h) W RUIAH HHEF MBS, £ 25
T 4 R EHMA R B9 CATFI CAIT (. o] LLE 1%
CAI {fi #f 17 %%, T700S/Epoxy B ff F T300/
Epoxy A, {H#% CAIT b4z, W5 )4 5 i 458 .
MRIEZEH 1B 2R BREESK . T CAIT RIFM A M
BHA R 05 25 MRS A 3 . BL4h CAIT fH
ATLA B HM L E . H CCF-1/BMI B il i& 4514
(9 He 4 3 117 B AT RE b CCEF-1/BMI A il 3 1)
SER T 3020, AR, 3X— 4518 I N 3 i B AR 45 H
. HEEAAMIRERIESL., CAIT A1 25 F
SR TR B AR 1A S B R AR 0 5T B (i BD 1Y
2590 6

w2 LMK REIRG SRR

Table 2 Damage properties for 4 composite systems

Composite CAIT

CAI/MPa
system Strength/MPa  Failure stain/pe
T300/Epoxy A 136 136 2910
T700S/Epoxy B 167 127 2593
CCF-1/BMI A 149 142 2730
CCF-1/BMI B 194 177 3419
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Fig. 11  Comparison of CAI and CAIT values
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