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Optimization of the section structure of container ship
based on artificial bee colony algorithm and finite element strength calculation

LUO Wenping', LIU Weigin"', WANG Hongxu’, YANG Meng’

1 School of Naval Architecture, Ocean and Energy Power Engineering, Wuhan University of Technology,
Wuhan 430063, China
2 China Ship Development and Design Center, Wuhan 430064, China

Abstract: [ Objectives ] The method of rewriting the element node information file to realize parametric
modeling is commonly employed in existing structural optimization based on finite element (FE) strength cal-
culation, but it remains difficult to consider variations of the profile number in hull section structure optimiza-
tion. To this end, a container ship structure optimization method based on FE strength calculation is proposed
using an artificial bee colony (ABC) algorithm and parametric FE modeling method. [ Methods ] First, the
bee colony algorithm is written on the Matlab platform, and a script file which can generate the geometric
model in its CAE module is established based on the ABAQUS kernel in the Python language. A Python script
file which can submit the FE calculation and read the results is established. The geometric model is updated by
rewriting the solution generated by the algorithm to the corresponding position in the script, then ABAQUS is
called in the background and the script files are run in turn. Finally, the calculation results are returned to
Matlab for verification, and the parametric geometric modeling and FE analysis are completed. [ Results |
The feasibility of this method is verified by taking the section structure optimization of a 4 600 TEU container
ship as an example. It is found that the weight reduction of the container ship cabin structure reaches 18.7%.
[ Conclusions ] When the results of the FE strength optimization and code optimization are compared and
analyzed, under the set conditions, the FE optimization method is more sufficient than that based on code.
Key words: artificial bee colony algorithm; finite element method; container ship; structural optimization
of hull section; parametric modeling
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Fig. 1 Flow chart of artificial bee colony algorithm
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Fig. 2 Calculation process of container ship structure optimization
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Fig. 4 Iterative process of FEA and code-based optimization
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Table 2 Design variables and optimization results for midship bottom area

Bt A AL T S AL S5 A% ARk E AR/ %

P JEAR 5 /mm 14 11.5 -17.9 11.0 214
R A 1 1 0 1 0
WJEZLAF /mm 160x10.0 140%12.5 +9.4 140x9.5 -16.9
rPRAT B /mm 13.0 11.5 -11.5 11.0 -15.4
AN /mm 18.0 17.5 -2.8 155 -13.9
HMERIF /mm 240x10.0 220%12.5 +14.6 220%9.5 -12.9
=3 MBMABRREEHTEERMUER
Table 3 Design variables and optimization results for lateral bottom area

A Ak Al MRS IR/ % HRAE IR/ %
P JEAR J&/mm 14 12 -14.3 11 -21.4
LR EA 2 3 +50.0 3 +50.0
PB4 /mm 260x11 25010 -12.6 250%10 -12.6
55 BT /5 BE /mm 115 9.0 -21.7 9.5 -17.4
55 M TR R R A 2 2 0 1 -50.0
55 M B A4 /mmxmm 160x11.5 140x10.0 -23.9 140%10.5 -20.1
AN /mm 16.0 15.5 -3.1 13.5 -15.6
HMEZYHE /mm 300%11 270x10 -18.2 270x10 -18.2
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Table 4 Design variables and optimization results for bilge area
Bt AR P T MG RAL 5 A % HIRICHAL S LY
AL /1 B /mm 15 11 -26.7 12 -20.0
4 H AL XAUE /mm 8.0 7.5 -6.3 6.5 -18.8
Rt 4 3 -25.0 2 -50.0
¢ BB AS /mm 280x11.5 270x10.0 -16.1 260%10.5 -15.2
ARTAR L /mm 270x11.0 300x11.0 +11.1 240%9.5 -232
F5 LHMEMNREETEERMAULESR
Table 5 Design variables and optimization results for upper side area
WA AL ET R R} BALE Y AT R ALY
H AR B A 2 1 -50.0 1 -50.0
2 B S/mm 20 19 -5.0 19 -5.0
FAR A4 /mm 400x11.0 365x11.0 -8.8 380x9.5 -18.0
FZAUARAR JE /mm 16 15 -6.3 13 -18.8
RO A AR5 /mm 12.0 12.0 0 11.5 —4.2
IAECY o ia=vi 4 3 -25.0 4 0
A AL AE /mm 260%13.0 280%10.5 -13.0 240x11.5 -18.3
F6 MBEMXFEHTTEERMAUER
Table 6 Design variables and optimization results for midship side area
B AR AL ET ML EALE /% AT s LE /Y%
PR E/mm 10.0 11.5 +15.0 8.5 -15.0
FAR A4 /mm 200x11.0 200x11.0 0 200%9.5 -13.6
AZ O SMEAR JE/mm 14.0 12.0 -143 115 -17.9
F I A AR /mm 1.5 115 0 8.5 -26.1
F I B A A 5 4 -20.0 4 -20.0
Az H4 /mm 230%13.0 230%10.5 -19.2 230x11.5 -11.5
F7 TEHEMNREEHTEERMAULER
Table 7 Design variables and optimization results for lower side area
B AR PR MRS EALER /% AT AER Y%
= HFHUEE /mm 8 10.5 +31.3 9.0 +12.5
FAR 244 /mm 270x11.0 300%11.0 +11.1 240x9.5 -23.2
AZISME AR JZ/mm 13.0 115 -11.5 12.0 -7.7
F I P AR5 /mm 115 11.0 —43 9.0 -21.7
FR I B A A 5 5 0 3 -40.0
Az H4 /mm 220%13.0 230%10.5 -15.6 250%11.5 +0.5

R AR A BRIT 3B LA BT S /9 B R
S5 N A, B U 56 T RGN JEE B L SE
A)q0), B AR BRI A U S5 R AR,
T A BROCHI LSS R BLR K 124 177.6 MPa,
HTIERIPEALEE RAE BU I RN 14 167.5 MPa,
A UL, PR 2 B0 A G R A I ) 2 T 3 A B
TR, L2 R 5 R 2R

BT RS AN BROC 0 OL A 0 4k B — 2, 4N
22 R IA, P& 4 rp ke RARERER 1 IREE AR AY R
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Fig. 5 Stress cloud map of cabin checked with FEA and code-

based method according to the final optimization results
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Fig. 6 Variation of related parameters during iteration with FEA and code-based method
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