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Optimal Design of Filament Wound Composite Cylinders under Extemal Hydrostatic
Pressure using a Micro-Genetic Algorithm

Chul-Jin Moon’, Jin-Hwe Kweon™*, Jin-Ho Choi

ABSTRACT

In this study, a micro-genetic algorithm was utilized for the optimal design of filament wound composite
cylinders subjected to hydrostatic pressure for underwater vehicle application. The objective of the optimization
was to maximize the design allowable load considering the buckling and static failure loads. A commercial
finite element program, MSC.NASTRAN, was used for buckling and failure analysis. An open-source micro
genetic algorithm by Carroll was modified for the optimization. The design variables are the helical winding
angle and hoop layer thickness. The results of examples show that the micro genetic algorithm can be
successfully applied to the optimization of filament wound cylinders with various geometries and gives better

efficiency than general genetic algorithms.
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| Initial population |

i

| Generate NASTRAN input file

New random population |

Run NASTRAN
1) Static stress analysis
2) Linear buckling analysis

i

| Generate design pressure |

Elitism |

t

Uniform crossover |

t

Tournament selection |

| Fitness evaluation | |

Fig. 1 Flowchart for the micro-genetic algorithm.
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(A) : Clamped

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

(E) : RBE2 element

Fig. 2 Finite element model and boundary conditions.
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n : Number of hoop layers (90,)

—— 27-n : Number of helical layers(£0,;.,)

Design variable 1 : Number of hoop layers (n)
0<n<27 An=1

Design variable 2 : Helical winding angle (+0)
0° < +6; < 89°, i=27-n, A0=1°
Fig. 3 Stacking sequence of the cylinder.

Table 1 Geometry of composite cylinders

Case L (mm) D (mm)
Example | 300 300
Example 11 700 300
Example 111 1000 300

Feta A $13) Table 2004 9f o] T700 gha/of
xe)

A el 22 AMESFATHE]. Ere Aoubg 744,
Ere WY 303 24, G WW A9, Gu, G 3
Ak 734, v WY FEold v](Poisson's ratio), Xr, Xc%
a7 A 9%, 4SAE Y Yee 47 WY W
A, FEEE, See WY AGHE=E Hepdoh

Table 2 Material properties

Property Value Unit
E: 120.8 GPa
E> 8.5 GPa
G2 = Gz 3.4 GPa
Gos 2.7 GPa
V12 0.253 -
Xr = Xc 2064 MPa
YTt = Yc 32 MPa
Sw2 45 MPa
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Buckling load — Maximum : 20.5 MPa (73°, 13.8%)
Failure load - Maximum : 14.1 MPa (41°, 28.8%)
Design load - Maximum : 14.1 MPa (41°, 28.8%)
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Fig. 4 Feasible region of Example I.

Buckling load — Maximum : 10.6 MPa (73°, 10%)
Failure load - Maximum : 16.0 MPa (40°, 28.8%)
Design load - Maximum : 8.14 MPa (57°, 10%)

Buckling load

Fig. 5 Feasible region of Example II.

Buckling load — Maximum : 5.90 MPa (79°, 6.3%)
Failure load - Maximum : 16.3 MPa (43°, 21.3%)
Design load - Maximum : 5.83 MPa (28°, 73.8%)

\

Static failure load

Buckling load

Fig. 6 Feasible region of Example IlI.
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Table 3 Optimization results

Results Example 1 | Example 1l | Example 1l
Optimum (MPa) 14.1 8.14 5.83
Helical winding angle (°) 41 57 28
Hoop winding ratio (%) 28.8 10 73.8

Fig. 7 Buckling mode at the optimum (Example 1).
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of Wewt <o} Table 5o sk AukE vehfgict
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2uje] o5 71Zth wu)E-E(probability of crossover)2
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Helical winding angle (°)

Hoop winding ratio (%)

Fig. 8 Calculation points in the feasible region (Example II).

Table 4 Input parameters of Example Il for uGA and SGA-1,2
Parameters uGA SGA-1 SGA-2
Population size 10 10 20
Probability of crossover 0.5 0.5 0.5
Probability of mutation - 0.1 0.05
Nominal convergence 0.05 - -
Crossover Uniform Uniform Uniform
Selection Tournament | Tournament | Tournament
Elitism use use use

Table 5 Results of Example 1l

Results nGA SGA-1 SGA-2
Optimum (MPa) 8.14 8.14 8.14
Helical winding angle (°) 57 57 57
Hoop winding ratio (%) 10 10 10
Calculation points 130 420 200

Fig. 9ol ztz}e] Aldioll w2 ] 2 (best fitness)2
&S el uGA, SGA-1, SGA-2 Al W &
HHgEe Z Fol Zith uGAx: 139HA AlthellA & gkol
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2o 2 Qlolth SGA29] Z$ 10814 Aljolx Az
st} Al 7o) Ash £Ei uGAMTH W= ag o
A 2l 2008(7}58) oggu 8.2%)9_§ UGARTH we ¢
e Baw ok webd 84 SHlA tholam §Ax
gae|zo] Ayt §HA Eual%w Hold A& Bhldt
4 9let,
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Fig. 9 Evolution history of the best fitness (Example I).
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