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Shape Optimization of Three-Dimensional Cutouts
in Laminated Composite Plates
Seog Young Han*, Young Joon Ma’

| Abstract |

Shape optimization was performed to obtain the precise shape of cutouts including the internal
shape of cutouts in laminated composite plates by three dimensional modeling using solid element.
The volume control of the growth-strain method was implemented and the distributed parameter
chosen as Tsai-Hill fracture index for shape optimization. The volume control of the growth-strain
method makes Tsai-Hill failure index at each element uniform in laminated composites under the
initial volume. Then shapes optimized by Tsai-Hill failure index were compared with those of the
initial shapesfor the various load conditions and cutouts. The following conclusions were obtained in
this study (1) It was found that growth-strain method was applied efficiently to shape optimization
of three dimensional cutouts in a laminate composite, (2) The optimal shapes of the various load
conditions and cutouts were obtained, (3) The maximum Tsai-Hill failure index was reduced up to
67% when shape optimization was performed under the initial volume by volume control of
growth-strain method.
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Table 1 Material Properties

Nominal value for fiber reinforced material
(Boron-Epoxy)

E, 206.85 Gpa

E, 20.658 Gpa

Es - 20.658 Gpa

G12 10.34 Gpa

Gzl 4.14 Gpa

G13 1034 Gpa

M2 0.3

1531 0.25

W3 0.25
Ply thickness 0.16mm
Strength Tensile Compressive
Longitudinal 1586 Mpa 2482 Mpa
Transverse 62.7 Mpa 241 Mpa
Shear 82.7 Mpa
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Fig. 1 [+45/0/90], Plate loaded in biaxial and
shear stress.
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Fig. 2 Optimized shape of [-4_-45/0/90]5' plate
loaded in biaxial and shear stress.
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Fig. 3 Optimized shape of crosssection in
cutout ; (a) 1-2 section (b) 3-4 section.
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Fig. 5  History of iteration of each ply in the
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