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Advance Probabilistic Design and Reliability-Based Design Optimization for
Composite Sandwich Structure

Seokje Lee, In-Gul Kim Wooje Cho’, and Changwon Shul™

ABSTRACT

Composite sandwich structure can improve the specific bending stiffness significantly and save the weight
nearly 30 percent compared with the composite laminates. However, it has more inherent uncertainties of the
material property caused by manufacturing process than metals. Therefore, the reliability-based probabilistic design
approach is required. In this paper, the PMS(Probabilistic Margin of Safety) is calculated for the simplified
fuselage structure made of composite sandwich to provide the probabilistic reasonable evidence that the classical
design method based on the safety factor cannot ensure the structural safety. In this phase, the probability density
function estimated by CMCS(Crude Monte-Carlo Simulation) is used. Furthermore, the RBDO(Reliability-Based
Design Optimization) under the probabilistic constraint are performed, and the RBDO-MPDF(RBDO by Moving
Probability Density Function) is proposed for an efficient computation. The examined results in this paper can be
helpful for advanced design techniques to ensure the reliability of structures under the uncertainty and
computationally inexpensive RBDO methods.
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Fig. 1 Schematics of deterministic and probabilistic concept.
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Fig. 2 Schematics of PMS calculation.
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Fig. 3 Schematics of RBDO-MPDF method.
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Fig. 4 Flowchart of RMDO-MPDF method.

Fig. 5 Schematics of the cantilever beam.
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Table 1 Properties of variables(beam)

Mean CcCov Distribution
X 2,225N 0.2
Y 4,450N 0.1
Ry 276MPa 0.05 Normal
Ry 400MPa 0.05
E 200GPa 0.05
L 2,540mm - -
D 57.2mm - -
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Fig. 7 History of probability of failure(beam, stress).
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Table 2 Comparison with MS and PMS based optimization(beam)

w(mm) t(mm)
MS based DO 54.0 101.6
PMS based DO 71.6 101.6
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Table 3 Comparison with deterministic and probabilistic optimization(beam)

w(mm) t(mm) Pi(%) Time(sec)
MS based DO 66.1 93.5 - 1
General RBDO 68.6 86.6 0.13 18
RBDO-MPDF 65.1 92.1 0.13 4
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Fig. 12 Configuration of the sandwich fuselage.

Table 4 Properties of variables(fuselage)

Mean Ccov Distribution

E 133.92GPa 0.046
E: 8.84GPa 0.040
Via 0.336 0.060
Gn 4.45GPa 0.031
Xr 1,787MPa 0.14
Xc 1,185MPa 0.14

Yt 58.36MPa 0.11 Normal
Y 249.96MPa 0.07
S 106.93MPa 0.02
My(moment) | 2.6x10°N-m 0.10
M,(moment) | 9.5x10°N'm 0.10
T(torsion) 9.0x10°N'm 0.10
P(pressure) 0.13MPa 0.10
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Table 5 Comparison with MS and PMS based optimization(fuselage)
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Table 6 Comparison with deterministic and probabilistic optimization(fuselage)

Upper facesheet(mm)
0° +45° 90°
MS based DO 0.287 0.125 0.204
RBDO-MPDF 0.336 0.125 0.244
Lower facesheet(mm)
0° +45° 90°
MS based DO 0.244 0.125 0.136
RBDO-MPDF 0.315 0.125 0.228
Weight(kg)
MS based DO 1,015
RBDO-MPDF 1,115
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