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Fig. 1 Longitudinal-transverse stiffened composite panel with large
cutout
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Tab.1 Material performance parameters of the composite laminate
and adhesive layer

R ZHROIE
w 1 600 kg/m®
S PG E, =63GPa, E,, = 60.8 GPa
ookt OB G,=G,=06y,=44GPa
BHEE A v,,=0.06
L2 ENDE:ES X; = 499 MPa, X, = 631 MPa
1] iR Y, = 686 MPa, Y, = 658 X, = 499
BTy A S,, = 82.9 MPa, S, = 79.9 MPa
I 1 600 kg/m®
) ST K, =K_=K,=10°MPa
Jie 2
EIEY S o, =0, =0, =47 MPa
Wi he G,,=0279 N/mm,G,, = G,, = 1.349 N/mm
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Fig. 2 Finite element model of the double cantilever beam structure
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Fig.3 Comparison between simulation results of cohesive zone

model and test as well as simulation results in references [ 16 '
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Fig. 4 Finite element model of the longitudinal-transverse stiffened

composite panel with large cutout
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Fig.5 Arrangement of the PZT sensors
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Fig. 6 Damage evolution process of the stiffener debonding
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Fig. 7 Evolution process of the composite skin damage
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Fig. 9 Arrangement of FBG sensors
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Fig. 10 Comparison between the FBG strain and the FEA strain
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Tab.3 Summary table of relative error between the FBG strain and

the FEA strain
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160 54 4.1 8.6
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Fig. 11 Damage behavior of the longitudinal-transverse stiffened

(b) ZEEBif

composite panel with large cutout
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Fig. 15 Damage factor-load curves of the direct wave with S, mode

in typical channel
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Fig. 16 Delamination degree-load curves of region A and region B

100 [ +
80 [ +, -3
*
60+
Gl
£ 40 /
= I i o PZTI-2 AT —il & 2k
- * PZT2-3 A1 — A h4k
I * PZT4-5 Hff R = ALk
o . 2 PZT4-6 B 1 - i 2
0 0.1 0.2 0.3 0.4 0.5 0.6
EAtVIER
E17 #HERMELHNSEELZSNIENEE MR EE-RGEF
53

Fig. 17 Debonding degree-damage factor curve of guided wave
online quantitative monitoring model for stiffener debonding

evolution
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Simulation and guided wave-based monitoring of damage evolution of the
stiffened composite open panel under shear loads

WANG Ying CHEN Jian YUAN Shenfang
(State Key Laboratory of Mechanics and Control for Mechanical Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

Abstract: [Objective] Stiffener debonding frequently occurs in longitudinal-transverse stiffened composite panels with
large cutouts of typical aerospace structure under in-service shear loading. Simulation and online monitoring of the damage
evolution process are critical to structural safety guarantee and operation and maintenance cost reduction. However, few
studies have focused on the progressive damage simulation of longitudinal-transverse stiffened composite panels with large
cutouts, and quantitative guided wave monitoring for the real debonding damage evolution process is rarely reported. To solve
this problem, research on damage evolution simulation and guided wave monitoring of stiffened composite panels with cutouts
under shear loading was carried out. [Methods] Firstly, the modeling method of the progressive damage finite element model
for longitudinal-transverse stiffened composite panels with large cutouts under shear loading was investigated, and the
structural damage evolution process was obtained. Secondly, the piezoelectric guided wave technique was adopted to carry out
online monitoring research on the entire evolution process of stiffener debonding. Thirdly, based on the simulated evolution
results of "debonding degree-load", a quantitative online guided wave monitoring model characterized by "debonding degree-
damage factor" was established. Finally, shear tests were performed to verify the effectiveness of the simulation. [Results] The
results show that the proposed model can realize online quantitative monitoring of stiffener debonding damage in stiffened
composite panels with cutouts under shear loading.

Key words: Shear load; Composite material; Longitudinal-transverse stiffened composite panel with large cutout;
Simulation of stringer delamination evolution; Guided wave quantitative monitoring
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