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Formulation of Optimal Design Parameters and Failure Map
for Metallic Sandwich Plates with Inner Dimpled Shell Structure
Subject to Bending Moment

Dae Yong Seong”, Chang Gyun Jung’, Seok Joon Yoon", Dong Yol Yang® and Dong Gyu Ahn"*

ABSTRACT

Metallic sandwich plates with inner dimpled shell subject to 3-point bending have been analyzed and then optimized for
minimum weight. Inner dimpled shells can be easily fabricated by press or roll with high precision and bonded with same
material skin sheets by resistance welding or adhesive bonding. Metallic sandwich plates with inner dimpled shell
structure can be optimally designed for minimum weight subject to prescribed combination of bending and transverse
shear loads. Fundamental findings for lightweight design are presented through constrained optimization. Failure
responses of sandwich plates are predicted and formulated with an assumption of narrow sandwich beam theory. Failure
is attributed to four kinds of mechanisms: face yielding, face buckling, dimple buckling and dimple collapse. Optimized
shape of inner dimpled shell structure is a hemispherical shell to minimize weight without failure. It is demonstrated that
bending stiffness of sandwich plate is 2 or 3 times larger than solid plates with the same strength. Failure mode
boundaries and iso-strength lines dependent upon the geometry and yield strain of the material are plotted with respect to
geometric parameters on the failure map. Because optimal parameters of maximum strength for given material weight can
be selected from the map, analytic solutions for maximum strength are expressed as a function of only material property
and proposed strength. These optimal parameters match well with numerical optimal parameters.

Key Words: Inner dimple structure (15 HZ T =), Sandwich plate (A= 1 2] ), Optimal design (2] 24 A,
3-Point bending(3 d ¥ &%), Failure map(3F<& A &), Optimal design parameter(3 24 A ¥ )

M = Maximum moment of sandwich plate
71549 V = Transverse shear of sandwich plate
[ = Characteristic length
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IT =Dimensionless load

y = Dimensionless weight

W = Sandwich plate weight per unit area
p = Density of the material '

E = Young’s modulus

1=2" moment of inertia

L = Span length

t 7 = Thickness of face sheet

t; = Thickness of Inner dimpled shell
R = Radius of dimpled shell structure
6= Angle of dimpled shell structure
v = Poison’s ratio

A =Mode parameter of dimple failure
g, 0,= Yield strain and stress

a = Bending stiffness ratio
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Fig. 1(b) Sandwich plate bonded by resistance w;lding
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Fig. 2 Relationship between / and loading span L for
common test configuration
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Fig. 3 Schematics of the sandwich plate with inner
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Fig. 5 Face buckling line of sandwich plate
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