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Abstract

In this paper, we present a non-linear integer programming by genetic algorithm (GA)
for available sizes of stiffener or thickness of plate in a job site. GA can rapidly search for
the approximate global optimum under complicated design environment such as ship.
Meanwhile it can handle the optimization problem involving discrete design variable.
However, there are many parameters have to be set for GA, which greatly affect the
accuracy and calculation time of optimum solution. The setting process is hard for users,
and there are no rules to decide these parameters. In order to overcome these demerits,
the optimization for these parameters has been also conducted using GA itself. Also it is
proved that the parameters are optimal values by the trial function. Finally, we applied this
method to compass deck of ship where the vibration problem is frequently occurred to
verify the validity and usefulness of nonlinear integer programming.
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Table 1 Comparison of GA's parameter
after/ before optimization.

Parameter Original | Optimum
Population size 100 10
Crossover probability 0.8 0.1
Mutation probability 0.1 0.065

Selection method Roulette | Ranking

Crossover method

Uniform | Simple

- T
—o— Pop_size =10 ||
- Pop_size =20 | |
---%--- Pop_size = 30

Objective Function

0 200 400 600 800 1000
Evaluation

Fig. 3 Comparison of the population size
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Fig. -4 Comparison of crossover probability
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Fig. 5 Comparison of mutation probability
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Table 4 Specification of main excitation sources

""" G2

----- Design Variable W2 W1
° Pillar T T e 3
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' ! Ll =
W3 i | o
e R - EEREEE G1
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' 1 1
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: ; ;
+ A Sl
.
3

e e de e d

| I

Radar Mast

8800
le————
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I

Excitation MCR Excitat'lon
source Order| Frequency
Main engine Srd | 4.90 Hz
4th 6.53 Hz
(BRTA72U) 98 om | 6ih 9.80 Hz
Propeller 1st 8.17 Hz
(Blade: 5EA) 2nd | 16.33 Hz

FR11 FR18

Fig. 6 Model and design variables of compass
deck

Table 2 Principal dimensions

Length overall i 208 m
Length between perpendiculars | 196 m
Breadth moulded 29.8 m
Depth moulded 16.4 m
Draft design 1 10.2m

Table 3 Main data of modeling
Geometry data Material data

T -
Plate Elastic
8.0 206 GN/m?
Thickness m Modulus fm
Web & 250%x90 Poisson 0.3
Girder size| x10/15A | ratio ’
Frame/
. Mass 5
longi. 800 mm i 7850 kg/m
density
space L J

(BlOIE £x3MFI=)2 2 HHE EWUSHESH
TXZES ZYE ZFEHL
Metk & HRNAT =28 =
o =42 2 X 422 16.33 Hz 0ff 2t
254 Hz € &t 1
3oL, =8 ?.’F_%Ell DRSSt
A

SASE Fi 01401 == ZHSIACH
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(a) 1st mode (16.78 Hz)

(b} 2nd mode (30.09 Hz)

(c) 3rd mode (34.28 Hz)

Fig. 7 Mode shape of compass deck
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Table 5 Corresponding cross section of steel
members

Stiffener size | Lw x Lf x Tw/Tf

200A 200 x 90 x 9/14

250A 250 x 90 x 10/15

300A 300 x 90 x 11/16

350A 350 x 100 x 12/17

400A 400 x 100 x 12/18

450A 450 x 125 x 11.5/18

500A 500 x 150 x 11.5/18

550A 550 x 150 x 12/21 |
et xasts =27 KM422 HM635 20059 128
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Table 6 Comparison of original and optimal
design variables

Design . .
) Original | Optimum Remarks

variable

W 250 200 -20%
Wh 250 200 -20%
Wa 250 200 -20%
Gi 250 200 -20%
&G 250 200 -20%
& 250 450 80%
Gy 250 200 -20%
Gs 250 200 -20%
&G 250 200 -20%
Gr 250 200 -20%

Table 7 Comparison of resulis

Item Criginal Optimum | Remarks
Natural
16.78Hz 18.91Hz 12.69%
frequency
Response

10.50mm/s | 4.07 -61.24%
at MCR / mm/s

Weight 2760 kg 2537 kg -8.08%
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Fig. 9 Mode shape of compass deck after
optimization
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Fig. 10 Comparison of response between
original and optimum results
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