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Optimization design of composite bulkhead structure based on

response surface method
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Abstract; An optimal design method combining response surface model with genetic algorithm was
proposed in the present research to ensure reliable structural parameters of bulkhead. The Box-Behnken
design method was selected to determine the location of sampling points for generating the response
surface, and the model of maximum stress, total mass property and maximum displacement was
established in terms of the input parameters. Then the Pareto optimal solutions were obtained by using
multi-objective genetic algorithm to optimize the model. The numerical simulation results show that the
optimized total mass of the composite bulkhead is reduced by 23% compared with that of the steel
bulkhead, while the maximum displacement is basically consistent with that of the steel bulkhead
structure. Therefore, the present research provides useful insight into the structural optimization of
composite bulkhead structure in engineering application.
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Fig. 1 Geometric configurations of composite bulkhead structure(unit: mm)



% 43 %

TR KFFR

SCHAE A ARG BE D S5 BERE T A Al £ A L G b BT TR AR BCES L SES A AR PVC IR,

84
T PRI A BEELAT R4S 0 25 B SR ) — A B R B R A i B AR A R R 5 A R ol i A P R AR
PVC &M ANEBBEA B E B LT 4. E BELF 5 B2l % WA — J2 4% 1 3 1 A B2 AL Ak 1 TR

x1 WENERHERHHESE

PVC ®I54 H80, @kt 2 i,
Gi;/GPa p/(kg*m™*)

Table 1 Material properties of FRP panels
E,/GPa E,/GPa E;/GPa 7 o s G1,/GPa G,;/GPa
18 18 6 0.12 0.30 0.30 6.75 3.00 3.00 1 850
®2 PVC H80 IEHMHRIE M
Table 2 Material properties of PVC H80
o/(kg+m *) E/MPa
80 90
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Fig. 3 Response surface model fitting curve based on Kriging
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60 mm <C H << 120 mm,

40 mm < W < 70 mm,

450 mm << D << 600 mm

16 mm < ¢. << 24 mm,

s.t. (3)
1.6 mm < ¢; << 4 mm,

3.2 mm < ¢; << 5.2 mm,

H+:t +2t;+¢, <130 mm,

deformation << 6 mm,
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Table 3 Pareto optimal solution
itk H/mm W/mm  D/mm t./mm ti/mm ¢t,/mm Deformation/mm Stress/mm Mass/kg
itk 1 100 70 450 20 1.6 5.2 4.12 13.03 150.3
itk 2 100 70 500 20 1.6 5.2 1.48 13.88 145.0
ik 3 100 50 450 20 1.6 5.2 4.77 14.60 142.5
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Table 4 The comparison of structural reliability

28 Wi 1o 1T G Ak HIEHE w2/ %
Deformation/mm 4.77 4.63 —3.02
Stress/MPa 14.60 13.93 —4.81
Mass/kg 142.51 142.37 —0.01

3 %

<l
(o

TR T e ) TS 25 % 38 B0 1k 0f L 5 5 A RHINE BE A A AT 0 AL, B 5 S 7 B S MR BE Y B AR
BBD S50 Bt 158 T Kriging pR B0k g 57w W 1A R, e R P 3 A% 530 1 kA7 DA B 0 e e it 2 80
DU S R A B R T A 45 R0 e 3 W BT 482 1 0 Ak J7 35 A 30T A7 . X 52 & R R IG BE A ok BT B — E 199
SO S TR A X A AR G A SR S 45 A B AT 2 LB 2 ey 114 D A 0 AL T R A S i A e A AR T 1

S E 3k

[ 1] skMF%, B0E, FAE58, S5 SO MNEoAR & RSB 52 (1] 1 B TARFR 4 ,2016,18(2) :66-71.
ZHANG Xinxue, ZHAO Feng, WANG Chuanrong, et al. Research on the development strategy of green ship
technology[J]. Engineering Sciences, 2016, 18(2): 66-71. (in Chinese)

[ 2] Mouritz A P, Gellert E, Burchill P, et al. Review of advanced composite structures for naval ships and
submarines[J]. Composite Structures, 2001, 53(1):21-42.

[ 3] 208, fe= R A BERSS M 05 L Ar T 7 kW5 (D 3 & . b B 7 K%, 2014,
LI Peng. A study on simulation analysis method of lightweight bulkhead [ D]. Qindao: Ocean University of China,
2014. (in Chinese)

[ 4 ] Eirc Greence Associates. ARG ARG T RO M. BURBE, B E . Bl Ll RS WAL, 2013,
Eirc Greence Associates. Ship Composites (Second Edition) [ M]. Translated by ZHAO Chengbi, TANG Youhong.
Shanghai: Shanghai Jiao Tong University Press, 2013. (in Chinese)

[ 5] Wang G G, Shan S. Review of metamodeling techniques in support of engineering design optimization[ J]. Journal of
Mechanical Design,2007,129(4) :370-380.

L6 A, WA, &4 MR E5 1Y Z R0 R T Ik LT ). me s A28 R K254 . 2011, 43(5) :645-649.
WU Lili, YAO Weixing. Two-level collaborative optimum design method for composite stiffened panel[ ]J]. Journal of
Nanjing University of Aeronautics & Astronauticss 2011, 43(5); 645-649. (in Chinese)

[ 7 ] Rikards R, Abramovich H, Auzins J, et al. Surrogate models for optimum design of stiffened composite shells[]].
Composite structures, 2004, 63(2):243-251.

L8] ZHE, By, BRI —Fh st 49 3 & 0 s 1% 50wk K KR 2 & Ao b h sy R R LT, MLARE 2 5 5ok, 2012,
31(5): 694-697.
LUO Lilong. ZHAO Meiying, MU Penggang. An ameliorative self-adaptive GA method and application to optimization of
the laminate composite[ J]. Mechanical Science and Technology,2012,31(5) :694-697. (in Chinese)

[ 9] ¥, EJ0, EBT, S5, e mw pg vk o0 b e 55 e R a5 b i 4 T 2000 ) i B eF 4 5 R AT 2019(1) :43-52.



% 6 4 ¥ ORLF LA TR @R A A S MR ARt 89

SHENG Tao, WANG Xu, WANG Xiaolei, et al. Response surface methodology to optimize the honeycomb sandwich
fabrication process[ J]. Hi-Tech Fiber and Application,2019(1) :43-52. (in Chinese)

[10] 220k, #Roush. sk, 6 MRLIN 5 45 b 1 4 28 I 4 mag 1 1 O Ak 353t ). AUAR T A2 224 . 2006, 42(11): 115-119.
LI Shuo, XU Yuanming, ZHANG Jun. Neural network response surface optimization design for composite stiffened
structures[ J]. Journal of Mechanical Engineering, 2006, 42(11):115-119. (in Chinese)

[11] Xu Y M, Li S, Rong X M. Composite structural optimization by genetic algorithm and neural network response surface
modeling[ J]. Chinese Journal of Aeronautics, 2005, 18(4):310-316.

[12] Bisagni C, Lanzi L. Post-buckling optimisation of composite stiffened panels using neural networks[ ]J]. Composite
Structures, 2002, 58(2):237-247.

[13] 385 —. — AL A bk E 2 #5074 Pl T 2 25 M B P ST [ DL MG /R I WA /R TR K 4%, 2016.
GUO Zhanyi. Mechanical analysis and joints design of integrated composite superstructure [ D]. Harbin: Harbin
Engineering University, 2016. (in Chinese)

[14] A5M8 . X5, R e . ARANSS I 2% RHR LA IR 07 ¥ 09 e B[], BRAN D%, 2007, 11(6) : 913-923.
GOU Peng, LIU Wei, CUI Weicheng. A comparison of approximation methods for multidisciplinary design optimization
of ship structures[J]. Journal of Ship Mechanics, 2007, 11(6): 913-923. (in Chinese)

[15] Montgomery D C. Design and analysis of experiments[M]. New York, USA: John Wiley & Sons, 2004.

[16] skisf. J&T Kriging J7 ¥ (9 45 44 W] S 537 S 04k i+ (D], 3% Ki%E BT R 24,2005,
ZHANG Qi. Structural reliability analysis and optimal design based on kriging method[ D]. Dalian: Dalian University of
Technology, 2005. (in Chinese)

(8 # &)

(E#% 76 ;1)

[12] #E L. BT EMAKENI-FIBE REMN @B 5 05 £ID]. Mat: mat #2017,
DU Chaofan. A study on the dynamic modeling and simulation for the rigid-flexible coupled system based on meshless
methods[DJ. Nanjing: Nanjing University of Science and Technology, 2017. (in Chinese)

[13] 2t e, o . AL T AT 3 A [ 8 JOy 1 (0 R M AL 8 N8 2 A S5 5 B[], J1 % %41, 2016, 48(4) :843-856.
FAN Jihua, ZHANG Dingguo. Dynamic modeling and simulation of flexible robots based on different discretization
method[]]. Chinese Journal of Theoretical and Applied Mechanics, 2016, 48(4):843-856. (in Chinese)

[14] Salahshoor E, Ebrahimi S, Zhang Y. Frequency analysis of a typical planar flexible multibody system with joint
clearances[ J]. Mechanism and Machine Theory, 2018, 126:429-456.

[15] FEFFMR, B2 o). T i JE i [l A Rt B LT ). AR RS (A AR =D » 2001,24(6) :36-39.
JIAN Kailin, YIN Xuegang. Computation of natural frequencies of a rotating beam[ J]. Journal of Chongqing University
(Natural Science Edition), 2001, 24(6): 36-39. (in Chinese)

[16] #kf8 L. B [, 5L T JC RS o 470 8 1 00 e e B R R iR 3 0 2 40 A L. B4 4, 2015, 64(3): 406-415.
DU Chaofan, ZHANG Dingguo. Dynamic analysis of rotating cantilever beam based on meshless point
interpolation[J]. Acta Physica Sinica, 2015, 64(3): 406-415. (in Chinese)

[17] #kfE L, B B, HEaE AR, A2 n) B 4 (8 B FE B e e M B 3 A b R I ). 3224, 2015, 47(2): 279-288.
DU Chaofan, ZHANG Dingguo, HONG Jiazhen. A meshfree method based on radial point interpolation method for the
dynamic analysis of rotating flexible beams[J]. Chinese Journal of Theoretical and Applied Mechanics, 2015, 47(2) :279-
288. (in Chinese)

[18] He G L, Ding K, Wu X M, et al. Dynamics modeling and vibration modulation signal analysis of wind turbine planetary

gearbox with a floating sun gear[ J]. Renewable Energy, 2019, 139.: 718-729.

(HH # 3F)



