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Abstract In this paper, the meta-model based approximate optimization was carried out for the
structure design of an ocean automatic salt collector in order to minimize the structure weight. The
structural analysis was performed by using the finite element method to evaluate the strength
performance of the ocean automatic salt collector in its initial design. In the structural analysis, it was
evaluated the strength performance of the design load conditions. The optimum design problem was
formulated so that design variables of main structure thickness would be determined by minimizing the
structure weight subject to strength performance constraints. The meta-models used in the approximate
optimization were the response surface method, Kriging model, and Chebyshev orthogonal polynomials.
Regarding to the numerical characteristics, the solution results from approximate optimization
techniques were compared to the results of non-approximate optimization. The Chebyshev orthogonal
polynomials among the meta-models used in the approximate optimization showed the most
appropriate optimum design results for the structure design of the ocean automatic salt collector.

Key Words : Approximate Optimization, Meta-model, Ocean Automatic Salt Collector, Finite Flement Analysis,
Chebyshev orthogonal polynomials
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Table 2. Design load cases|[8]
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Table 1. Main particulars[8] capacity
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Fig. 2. Finite element model[8]
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Table 3. Max. von-Mises stress & displacement results

Max. von-Mises stress [MPa] Allowabl
/ Max. displacement [mm] owable
Structure part . stress
LCT LC2 LC3 [MPa]
Overall 11499 /9.9]1306 /9.8|1738 / 10.1| 1828
structure
Main frame | 142.7 / 6.9 1273 /69| 1425/ 71 182.8
Rail frame | 137.0 / 6.7 1306 /6.6 | 1420/ 6.8 182.8
Collector
455 /9.9 | 471/ 981 499/ 101 182.8
frame
Bracket 150.0 / 7.1(1287 /70| 1738/ 73 182.8
Contour Plot Contour
S-Globak-Stress components(vonMises, Max) Displacement(Mag)
Avlyss sysim Ay sysem
1.738E+02 1.012E+01
[ 1.593E+02 ¢ [ 9.272E+00
1.448E+02 8.429E+00

— 1303E+02
— LI58E+02
— 1014E+02
= 8.689E+01
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— 5.792E+01
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2.896E+01

1448E+01
~— 0.000E+00

= 7586E+00
— 6.743E400
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Fig. 3. Stress (left, MPa) and displacement (right, mm)
contour results for LC3
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Collector frame THK (x,)
0.8t <1.0t < 1.5t

Main frame THK (x;)
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Fig. 4. Design variables and ranges

Fig. 40 Uehd viel Zo] AWM= Main frame
part®] FA|(x1), Rail frame-I part®] F7(x2), Rail
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Minimize 8
W= W(II,IQ, Ty Ty I5)

Subject to

gl(x17 T T3, T s I5) = L(Cl1stress < 182.8 MPa
gQ(I17 T T3, T s I5) = L(2stress < 182.8 MPa
g3(I17 Ty T3y Tys I5) = L(3stress < 182.8 MPa
50<z, <70 [mm]
1.5 <z, <30 [mm]
2.5 < 24 < 4.0 [mm]
08z, <15 [mm]
35 <1z <50 [mm]
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3] et viet o], AARS] 27] Fo2HE A
AbEl LC39] S8 AAEY ARt ol 2= o
7] 2] & IR AHE71 AARA A= LC3
9] &9 AF2AE WESHHA HAFFE THo=
Aol F8strh

3.3 ZAEXS 2t

NFFEAEB71Y] AAEA ] gk HEtZE S0
o2 ZAFAL] B R AFE Yot oS 22
= Boto] AR HSE stk
D detzd AgE gt APAYHDesign  of
Experiments, DOE)2 2| wH|¥d4|(orthogonal
array design, OAD)E AR&-sto] AFPEE 45t
1, Abaqus/implicitE ©]&3F FEM #2314 43
sto] HEtRE o] AHlHE A4
2) 1) 39 FEM Fx3)4 7|9t Aguo|H2RE 4]
)9 SHTA ZAGS E AgzA] gt RSM,
Kriging ¥ COP9] WetZdZ 34
3) 2) 9] 779 vetrdE o]-gsto] SAO HHES
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9(x)p_ 1o = 556.4+45.22, +8.70, —164.8z;  (9)
—24.72,—16.70;—0.92] +3.925 +16.523

+2.02% +1.322 —0.52,25 —5.72,2, — 1422,
+0.92,25 — 2.82y2; — L4xyx, +0.62575 +3.92,7,
+0.9z,x; —1.62,47;

9(x) p_1co = 577.3430.92, +10.12, — 17692,
—29.92, —12.0x; — 0.927 + 1.525 +17.923
+2.325 +0.922 —2.82,2y — 5.81,25 — 1.22,2,
+0.22,25 — 042524 +1.02505 + 34257,
+1.3z5x5 —1.37,42;

9(2) p_ 1oy = 470449152, +19.92, — 175.9z,
—25.72, — 1410, — 4.927 + 1.125 +19.123
+1.725 +0.922 —0.32,2y — 7.92,25 —0.92,2,
+0.52,25 —2.82y23 — 2.6251, +2.20,15 + 44257,
+0.5z5x5 — 1.2,

Kriging W] A= thao] 9} Aot
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Table 4. Correlation coefficient of Kriging meta-model

Correlation coefficients
Responses

T T, Ty z, Ty
9(@) g rer | 051 | 037 | 200 | 027 | 074
9(2) g oo | 047 | 042 | 199 | 022 | 085
g(x) g L3 | 033 | 038 199 | 040 | 084
T3 COP Het & oh33} 2t
9(@) e ey = 240.24+12.7p, (z) +5.1p, (2)
—51.4py(x) —9.3p,(z) —3.6p; (z) —0.9p4 ()

+3.9p; (2) +16.5pg () +2.0p (x) +1.3p,(x)

*O.Spn(x) *5.7p12(x) *1.4p15(x) +0. 9p14(x)
*2.7p15(x) *1.4p16(x) +O.6p17( )+3. 9p18(x)
+0.9p,9(2) —1.6py, ()

(10)

9() oo = 221.4+104p, (x) +8.1p, (2)
*48.1p3(x) *9.6p4(x) —1.9p; (z) +O.9p6(x)
+1.5p;(2) +17.9pg () +2.3p, (x) +0.9p,,(x)

—2.8p;; (2) —5.8p, (x) —1.2p 3 (x) +0.2p,, ()
+0.4p;5(x) —0.03p;(x) + 1.0p,(2) +3.4py5(2)
+1'3p19 (I) *1-3pg()(I)

9(2) o ey = 259.1+15.6p, () +10.4p, (x)
—52.9p,(z) —9.3p,(2) —3.3p; (x) —4.9p4(x)

+1.0p;(x) +19.1pg (x) + 1.7py (x) +0.9py ()

70'31711( ) 7. 91y (I) *0-91715( ) =+0. 5p14(I)
*2.9p15(x) 2. 6p16(x) +2.2p17( ) +4. 4p18(x)
+O.5p19(x) 1.2py, (z)

where

py (@) =2, —4.3; p, (&) =2, — 1.5 py (&) = 25 —3.3;

p,(x) =2, — 3.7 p; () = (x, —4.3);

P (z)= (xl —4.3)? — 1.5;p; (x)= (x2 —1.5)2—0.17;

Py ()= (x:; —3.3) —3.4;p, (x)= (x4 —3.7)7 —

Py () = (2, —4.3)* = 1.5:p,, () = (, —4.3)(z, —1.5);
Py (@) = (2, —4.3) (2, —3.3);p3 () = (x; —4.3)(z, —3.7);
Py (@) = (2, —4.3) (2, —4.3)ip; (@) = (2, —1.5) (x5 —3.3);
pie (@) = (2, — 1.5) (2, —3.7)ip; (@) = (2, —1.5) (x5 —4.3);
pis (@) = (2, —3.3)(x, —3.7); py () = (x; — 3.3)(x; —4.3);
Py (@) = (2, —3.7)(2; —4.3);
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Table 5. Comparative results of approximate optimization

. ... [Approximate Actual
Method O?t”m]lm Ob][ic;lve constraints | constraints | NFE
mm S [MPal [MPal
x; = 5.0
x; =15 g1 = 156.0 | g = 1655
RSM x3 =25 | 1859 | g =1342| g = 1486 | 77
xs = 0.8 gs = 164.8 | g3 = 183.1"
x5 = 3.5
x; = 6.0
X, = 2.0 g1 = 158.9 | g1 = 1486
Kriging x3 =30 | 2225 |g,=1410| g = 1291 269
X4 = 0.9 g3 = 182.8 a3 = 171.9
x5 = 4.0
x; = 5.0
X2 = 2.0 g1 = 1486 | g1 = 167.8
CoP x3 =32 | 2135 | g2 =1267| g =150.2 | 117
X4 = 0.8 g3 = 164.4 a3 = 177.3
x5 = 4.0
x1 = b.0
FEM X2 = 1.5 o = 1741
(Non-approxi| x3 = 25 | 186.5 - g = 157.0 -
mate) xs = 0.8 gs = 182.8?
s = 3
1) Infeasible constraint, 2) Active constraint
240 ¢ +RSM
—-Kriging
230 -COP

-@-FEM (Actual)

220 -

Objective functions [kg]
=
=

51 61

1 11 21 31 41

# of iteration

Fig. 5. lteration history of objective functions
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