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Bayesian diagnosis and prognosis of delamination

damage in the stiffened composite structure

CHEN Jian , YUAN Shenfang’
(Research Center of Structural Health Monitoring and Prognosis, State Key Laboratory of Mechanics and Control of

Mechanical Structures, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Aiming at the on-line diagnosis and prognosis of composite structures, a method for structural delamina-
tion diagnosis and remaining useful life (RUL) prediction was proposed based on structural health monitoring
(SHM) and the Bayesian theory. Within the Bayesian probabilistic framework, an exponential model was adopted to
describe the prior progression of the fatigue delamination in the composite structure. Then, on-line SHM data were
incorporated for diagnosing the delamination state, as well as parameters of the damage area progression model.
The posterior estimations denoted the diagnosis result, based on which the progression of the delamination area in
the future was predicted, giving the RUL of the current composite structure. The proposed method was validated on
the simulated fatigue delamination growth in a stiffened composite structure through the finite element method.
The result shows the accuracy of this method for on-line diagnosing the delamination damage, as well as predicting
the RUL of the structure.

Keywords: structural health monitoring; composite structure; delamination; particle filter; fatigue life predic-

tion
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Fig.2 Simulated stiffened panel made of carbon

fiber reinforced epoxy resin matrix composites

R1 BRAEEEREMEEESMBNF RS
Table1 Mechanical properties of the carbon fiber
reinforced epoxy resin matrix composites

Property Value
E;/MPa 157 486
E,/MPa 9 946

v 0.24
G,,/MPa 4950
G,3/MPa 4950
Gy3/MPa 3208

Notes: E, and E, are Young's moduli in 1 and 2 direction,
respectively; v is Poisson’s ratio; G, G;3 and G,; are shear moduli

in 1-2 plane, 1-3 plane and 2-3 plane, respectively.
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Table 2 Virtual crack closure technique (VCCT) parameters
for simulating fatigue delamination growth

Parameter Value
Gic/(MPa-mm™"?) 0.45
Gye/(MPa-mm ™) 1.38
Gic/(MPa-mm™") 1.38
C, 1x107°
G, 1

C, 1x10*
C, 5

Notes: Gy¢ is the critical mode I energy release rate; Gy is the
critical mode II energy release rate; Gy is the critical mode III
energy release rate; C, and C, are the material constants
determining the onset of delamination growth; C; and C, are the
material constants determining the fatigue delamination growth
rate.
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Fig.4 Simulated delamination growth in the case T25 of the stiffened composite panel
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Fig.5 Damage variables during the fatigue delamination growth in

typical simulation cases of the stiffened composite panel
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of the stiffened composite panel
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