L R R S 17

11 #etaTY 94 £8
£30EA A8 1% MK B U5 22 4 © Al

sekokeok sekskeokok sesksteskoksk

ARAL, o), AR, AR, 2FHT, 24T, 224

Buckling Analysis and Test of Composite Sandwich Cylinder for Underwater
Application
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ABSTRACT

In this paper, as a basic research to apply the composite sandwich to underwater vehicle, the manufacturing,
analysis and test methods, and weight saving effect of a composite sandwich cylinder under external pressure
were studied. A two-step manufacturing method to prevent the wrinkling of the sandwich cylinder face was
proposed and the three cylinders were made and tested. Finite element results based on the shell and solid
model using MSC.Nastran were compared with test results. The comparison showed that the linear finite
element analysis using the shell and solid elements can predict the buckling pressure of the sandwich cylinder
with approximately 3% difference. The parametric study of the filament wound cylinders revealed that the
composite sandwich can reduce the weight of the cylinder more than 30% compared with the filament wound
cylinder supporting the same pressure.
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Fig. 1 Curing cycles.
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Fig. 2 Schematic of sandwich composite cylinder.
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Fig. 3 Manufacturing steps for sandwich composite cylinder.

Table 1 Geometry and stacking sequence of cylinders

. Fac'e OuFer Length Thickness
Specimen 1D stacking radius
(mm) (mm)
sequence (mm)
SWN-0/90-1 694 16.32
SWN-0/90-2 [0/90]as 160 695 16.36
SWN-0/90-3 694 16.34

Fig. 4 Specimens with flanges.
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Table 2 Properties of materials
USN125 Honeycomb core
Elasti E; 162 GPa 10 MPa
astic E 9.6 GPa 10 MPa
modulus
E; - GPa 283 MPa
sh G2 6.1 GPa 10 MPa
ear
modulus Gis 6.1 GPa 31 MPa
Go3 3.5 GPa 59 MPa
Poi s viz 0.30 0.30
0issoN’s
ratio V31 - 0.02
V23 - 0.02
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(A) : Clamped

(B) : Clamped but axial displacement
(C) : Lateral hydrostatic pressure

(D) : Equivalent Force

(E) : RBE2 element

Fig. 6 Boundary and loading conditions for sandwich cylinder.

(A) : Clamped

(B) : Clamped but axial displacement
(C) : Lateral hydrostatic pressure

(D) : Equivalent Force

(E) : RBE2 element

Fig. 7 Finite elements model for filament winding cylinder.
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Fig. 8 Strain responses during the hydrostatic pressure test.
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(c) SWN-0/90-3

Fig. 9 Final failure modes.
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Table 3 Buckling pressures by test and analysis

Specimen ID (:Ae;;) A(f,‘\j:,y;)'s E((',}gr
SWN-0/90-1 4.85 5.83
SWN-0/90-2 5.06 5.15 1.75
SWN-0/90-3 5.06 1.75
Average 4.99 5.15 3.11

Fig. 10 buckling mode shape.
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Table 4 Analysis results of filament wound composite cylinder

Helical R:ft'o
Manufact. | wind. hoop Thickness | Weight | Failure
method angle . (mm) (kg) mode
(deg) wind.
(%9
Sandwich - - 16.34 5.17 Buckling
0 20 9.7 10.55 | Buckling
+30 20 7.75 8.48 Buckling
Filament +60 20 7.15 7.84 Static
winding +60 0 6.95 7.63 Buckling
+60 10 6.85 7.52 Static
+60 30 7.75 8.48 Static
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