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Shape optimization of ships’ local structure with the partition and

generalization Kriging approximation model
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Center for Advanced Ship and Deep-Sea Exploration, Shanghai 200240, China)

Abstract: Some improvements with regard to partition and generalization have been proposed for Kriging approximation model. The
change makes the Kriging approximation model more suitable for the prediction of multi-dimensional responses in ship structure
engineering. One of the improvements about partition is to divide each dimension of sampling point’ s data in the design space into two
or four equal parts. The Optimal Latin Hypercube Design sampling is applied in each partition. Then different Kriging approximation
models are established among different partitions. The other improvement is combining Gauss and exponential correlation function by
introducing of proportional coefficient w,, which increases the type of correlation function and thereby improves the generalization
performance of approximation model. The coefficient w, is defined as the maximum likelihood estimator, which is similar to the
definition of parameter in the correlation function. According to the improvement measures, the partition and generalization Kriging
approximation model (PGKAM) is established in each interval. With testing the Schaffer function N.1, the partition and generalization
Kriging approximation modeling has been proved effective. By integrating with parametric modeling and PGKAM, certain optimization of

problems of bracket and hatch corner’ s boundary shape is carried out. In the process of shape optimization, firstly, the global initial
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optimal solution is obtained from the improved approximate model with the Multi Island Genetic Algorithm. Then the scope of the
optimization variables is trimmed based on the initial solution. With costing few FEM calculations, the exact optimal design variables
are able to be found efficiently in a small scale. The results illustrate that the partition and generalization Kriging approximation model
has higher prediction accuracy than the conventional Kriging model in the prediction of multi-dimensional responses. Phased shape
optimization methodology ensures the ideal stress distribution and weight optimization results to be capable of obtaining when error is
minimum and the calculation burden is lessened, which is helpful to the lightweight analysis of ship structure.

Keywords : partition and generalization; Kriging approximation; shape optimization; phased optimization; ship structure ; multi-island
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Tab. 4 Comparison of shape parameters optimization results

X [Elz 4k Kriging

e N A2k g,
BT A WA ST LA 2 5 FEM flifb 4t 5 w2/ (%)
a(R,)/mm 600(807) 737(998) 719(972) 2.50
b(R,)/mm 600(460) 829(648) 837(654) 0.96

x5 MRUBEHXEZH Kriging ITIUEEIFN FEM 15 5900 M E 45 R EL

Tab. 5 Comparison of responses

28 53 X [H1Z Ak, Kriging FEM
m,/t 0.010 60 0.010 18
m,/t 0.014 66 0.014 95
0,../MPa 123.93 124.54

max

O e/ MPa 133.64 133.64
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Tab. 6 Comparison of shape parameters optimization results between combinatorial optimization and single FEM calculation

Bt A WA A HERIs: FEM fifb4h R/ (%)
a(R,)/mm 737(998) 721(975) 719(972) 0.28
b(R,)/mm 829(648) 835(653) 837(654) 0.24

Fringe: Default, A3: Static Subcase, Stress Tensor, | 98+002 Fringe: Default, Al: Static Subcase, Stress Tensor, | 340>

von Mises, At Z1 1.84+002 von Mises, At Z1 1.25+002
1.71+002 1.16+002

697001 581002 1.07+002

4 1.45+002 \ ? — 9.80+001

| 1.32+002 \ // 8.91+001
\_11.98+002 MPa 1194002 { 8.02+001

\ 1.06+002 11.34+002 MPa 7134001

9.26+001 6.24+001
7.95+001 5.35+001
6.63+001 4.46+001
5.32+001 3.57+001
4.01+001 2.67+001
2.70+001 1.78+001
: ik : \ £27-0m
.9/ N o1
Default_Fringe: f‘ . ™.__5.61 — 003 Default_Fringe:
¥ z Max 1.98+002@EIm 8715.1 x z Max 1.34+002@EIm 4758.1
Min 6.97 - 001@EIm 13350.1 Min 5.61 - 003@EIm 271.1
, RIS
BIL IR AR A B T 53 A K12 JRAROCAL S IR A 1 g 53 A
Fig. 11 Stress distribution of initial elbow plate Fig. 12 Stress distribution of elbow plate after shape optimization
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Fig. 13 Deck hatch structure
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min a=0,./0

s.t. 200 mm < a < 1 200 mm (15)
200 mm < b < 1 200 mm
m < 11.551t
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Tab. 7 Root mean square error

WiH H# Kriging /31X [H] Kriging 43 X [A¥Z b Kriging
ZWAWE Ok 1 B 2 By 0 By 1 By 2 By 0 B 1 By 2 By
m/t 0.067 18  0.04699  0.04729 0.02897 0.028 51  0.02976  0.026 46  0.011 38 0.014 30
a 0.071 31  0.05354 0.057 16 0.034 87 0.04093  0.040 06 0.034 63  0.047 38 0.031 76

9T RMSE  0.13849  0.10053  0.10445 0.06384  0.06945 0.069 82  0.061 09  0.058 76 0.046 06
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Fig. 14 Results of the sensitivity
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Tab. 8 Comparison of shape parameters optimization results between combinatorial optimization and single FEM calculation

Wit & AR RS AN FEM {1k R/ (%)
a( KAl ) /mm 1199 1199 1199 0.00
b(JEHIREE) /mm 415 408 402 1.49

Fringe: Default, Al: Static Subcase, Stress 2.11+000 Fringe: Default, A1: Static Subcase, Stress ~ 1.35+000)

Tensor,von Mises, At ZI 1.97+000 . ses 1.26+000

1834000 Tensor,von Mises, At Z1 1174000
1.69+000 1.08+000
1.55+000 9.96-001
1414000 9.07-001
1.27+000 8.18-001
1.13+000) 7.29-001
9.94-001 6.40-001
8.55-001 5.51-001
7.15-001 4.62-001
5.76-001 3.73-001
436-001 2.84-001
2.97-001 1.95-001
[ 2"

Default_Fringe: Default_Fringe:

Max 2.T1+000@Elm 79.1 Max 1.35+000@EIm 99.1

Min .76 -~ 002@Elm 2777.1 Min 1.71 - 002@EIm 3575.1

A2 v / . .
15 WU F B A4 0 g 73 A K16 JEARDLA I ff R 48 ) o0 A
Fig. 15 Stress distribution of initial hatch corner Fig. 16 Stress distribution of hatch corner after shape optimization
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