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Response and damage characteristics of composite laminates under high-energy

wide-area blunt impact

ZOU Jun™, LIU Jiaxin' , WANG Jizhen® , GUO Yazhou®, LI Lingling®, FENG Zhenyu®
(1. College of Safety Science and Engineering, Civil Aviation University of China, Tianjin 300300, China; 2. Key Laboratory
of Civil Aircraft Airworthiness Technology, CAAC, Tianjin 300300, China; 3. Aircraft Strength Research
Institute of China, Xi'an 710065, China)

Abstract: High-energy wide-area blunt impact (HEWABI) can lead to severe internal damage to the composite
aircraft, which is barely visible from the outside of fuselage and cause a significant threat to flight safety. High
energy quasi-static loading tests were carried out on the laminates with different shapes of rigid impactors and
rubber impactors, then the finite element simulation models based on continuum damage mechanics (CDM) were
developed. The results show that the established simulation analysis models can effectively predict the response
and damage of the laminated panels under rigid or rubber impactors. When the load reaches 40 kN, severe
delamination damages will occur in the laminated panel for the rigid impactors. On the other hand, no damage can
be observed at 90 kN for the rubber impactors, which can be attributed to the significant deformation of rubber
impactors and the reduced local contact loads. The shape of rigid impactors has great effect on the damage to
laminated panels, while the shape of the rubber impactors has almost no impact on the damages.
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2 EMEHEE MR 8 660 mmx460 mm, B
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%1 DE710-T700S #1471 f1 2 S
Table1 Mechanical property parameters of DE710-T700S
unidirectional plate material

Parameter Value
p/(g-cm™) 1.53
E,;/GPa 121
E,,/GPa 8.6
E33/GPa 8.6
V12 0.317
V13 0.317
Va3 0.5
G,,/GPa 3.7
G,3/GPa 3.7
G,3/GPa 3.7
X,/MPa 2376
X./MPa 1 068
Y,/MPa 69
Y,/MPa 208
S/MPa 110
S/MPa 110

Notes: Ej (i=1, 2, 3)—Elastic modulus in direction 3 v; (i=1, 2;
J=2, 3)—Poisson's ratio in different directions; Gy (i=1, 2; j=2,
3)—Shear modulus in different directions; X, X.—Longi-
tudinal tensile and compressive strengths; Y, Y.—Transverse
tensile and compressive strengths; S, S;—Longitudinal and
transverse shear strength.

1.2 KELE

fdi Fl WANCE ETM105D %1 28 36 #1135 17 v i 2%
iR, gkl LR RS e, gk
[X 35k 7 500 mmx300 mm A9 [X 35k, e EL AR 45
S, mIRRE:, RAEAEIRKRS L, K2
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i o Wk B E L F, L2 mm/min B9 3%
T, a0 2 1k B O 2 A Al B 4 3 s 4R 3
RIS LA KT AY 90%, Bl 90 kN, %5 45 o 5 2%
FHl MISTRAS UPK-T36HS 7K #% #8 7 Il C 3 #§1 K6: A%
JZ5 B N A 1 I -

%2 DE710-T700S ERREE RS
Table 2 Interface performance parameters of DE710-T700S

laminate

Parameter Value

E/GPa 8.6

) /MPa 26

10 /MPa 62

1) /MPa 62

Gic/(Jm™) 771

Gpe/(J-m™) 3152

G/ J'm™) 3152

Notes: E—Elastic modulus of cohesive layer; 13, 10, #—

Interfacial strengths in three main directions; Gy, Gy
Gpc—Critical energy release rates for different types of cracking.

(a) SD
Fixing plate

Unit: mm
(c)RD (R

SD—D-shaped steel impactor; SH—Hemispherical steel impactor;

RD—D-shaped rubber impactor; RH—Hemispherical rubber impactor;
EPDM—Ethylene propylene diene monomer

1 pBRE RAE

Fig.1 Impactor's shape and dimensions
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Fig.2 Installation of the laminates and fixture
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Table 3 Ogden material parameters (N=2)

i 1/MPa @;
1 0.459 3.564
2 3.409 -0.149

Note: 1, ;,—Material constants.
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Fig.3 Finite element model
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40 r
<
g 30
Q
|
20
10 +
0 5 10 15 20 25

Displacement/mm
P4 RSk B U0 A7 ELARAT - (A2 I e LE
Fig.4 Comparison of experimental and simulated load displacement

curves for rigid impactors
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Fig.5 Comparison of experimental and simulated load displacement

curves for rubber impactors

Elliptical indentation

Circular indentation

(a) SD (b) SH
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Fig.6 DE710-T700S laminate profile graphs
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Fig.7 Damage of DE710-T700S laminate under C-scan graphs
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Fig.8 Simulated cumulative delamination damage results of

(b) SH

DE710-T700S laminate
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(a) RD impactor
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(b) RH impactor
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Fig.9 Comparison of experiment and simulation results of rubber deformation
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Fig. 10 Displacement contours of the DE710-T700S laminate under different impactors
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Fig. 11 Comparison of load-displacement curves of DE710-T700S

laminated plates under different impactors
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Fig.12 Comparison of internal energy-displacement curves of DE710-

T700S laminated plates
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