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The Optimization of Composite Marine Propellers
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Abstract

Interest in the application of genetic algorithms (GA) to the stacking sequence of
composite laminates has grown in recent years. However, the huge cal culation time of
GA is amgor problem for designers. In this study, a local improvement is inserted
into a standard GA, and the real caculation, by finite element analysis (FEA) for
example, required in the local search is replaced by a regression model. Accordingly,
the improved GA converges much sooner than a standard GA and the calculation time
is greatly reduced. The regression analysis applies chosen trigonometric functions as
base functions, and estimates objective function values accurately using only few
sample points. The GA with local improvement is then applied to a composite
propeller, the amount of calculation isreduced by over half.
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y = response of the structure
X; = variables (ply angles, i = 1to0 12)
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 J5 4% 2% DTNSRDC 4498 [6] & 6]+ % 2 #2145 # chik & F AL - Eq.(9)
T& AT gl B P n=1708 (rpm), J=0.889 pF V, = 7.716 (m/s) - 13 %
gk JiE 5 0.889° Ko 5 0.05204 -

Advance coefficient J= Va Torque coefficient Ko =——
nD rn°D
9)
where
D = diameter V4= axia velocity
n = rotational speed r = fluid density

Q = propeller torque
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Table 1. Parametersin Genetic Algorithm

Population Size 10

Number of Variables 12
String Length 24
Probability of Mutation 0.06
Probability of Crossover 0.9

Number of Children for Each Pair 1

Table 2 Characteristics of the DTNSRDC Propeller 4498

Number of blades : 5 Diameter : 0.305m

Hub-Diameter Ratio: 0.2 Expanded Area Ratio: 0.725

Section Meanline: NACA a=0.8 Section Thickness Distribution: NACA

66

Chord Pitch Skew Rake Camber Thickness

r'R P/D Rake/D Degree C/D Camber/Ci Thickness/D
0.2 1.566 0. 0. 0.174 0.0402 0.0434
0.25 1.539 0. 4.647 0.202 0.0408 0.0396
0.3 1512 0. 9.293 0.229 0.0407 0.0358
0.4 1.459 0. 18.816 0.275 0.0385 0.0294
05 1.386 0. 27.991 0.312 0.0342 0.0240
0.6 1.296 0. 36.770 0.337 0.0281 0.0191
0.7 1.198 0. 45.453 0.347 0.0230 0.0146
0.8 1.096 0. 54.245 0.334 0.0189 0.0105
0.9 1.566 0. 63.102 0.280 0.0159 0.0067
0.95 1.539 0. 67.531 0.210 0.0168 0.0048
1.0 1.512 0. 72.000 0.000 0.0000 0.0029

Table 3 Material properties of IM6/Epoxy lamina

Young's modulus (longitudinal ) E;=2.03" 10" Pa
Young's modulus (transverse) E,=1.12" 10°Pa
Shear modulus G1,=84" 10°Pa
Poisson’sratio 0.32
Ply thickness t=28" 10*m

Table 4. Number of generations to achieve convergence for propeller optimization
Case Runl | Run2 | Run3 | Run4 | Average
nlocal =5 25 47 28 26 315




nlocal = 10

35

73

53

29

47.5

No loca improvement

>200

>200

116

122

>159.5
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