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Fig.1 Drawing of pressure cylindrical shells
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Fig.2 Finite element model
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Tab.2  Application of boundary conditions
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Fig.3 Integralmesh generation of pressure shell
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Tab.3 Feasible region of design variable
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Tab.4 Sample points and response values of pressure cylindrical shell

y/mm y/mm yy/mm y/mm y/mm y/mm y/mm  mises’MPa  P,/MPa
1 5575 256 15.50 15.50 3.65 18.0 6.35 275.68 56.47
2 4 855 261 12.85 12.85 5.90 20.3 745 252.45 71.14
3 5380 245 12.70 12.70 6.55 239 8.85 329.70 52.71
4 5 680 219 13.45 13.45 5.30 24.0 5.42 269.20 36.32
78 4 870 259 14.55 14.55 6.85 19.9 8.35 228.79 4723
79 4 960 267 12.95 12.95 3.20 223 7.05 257.76 53.28
80 4 645 257 12.75 12.75 4.95 20.1 5.30 270.68 44.09
81 5035 191 14.50 14.50 5.60 21.8 5.05 192.30 86.30
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Tab.5 Fitting accuracy of approximate model Tab.6  Model coefficients of response surface
MISES P, mises P, mises P,
R 0.984 75 0.967 96 BH 19EI0  —1.07E10 || y,ry» 4755E7 3.495 8
%%[—[1 R2¥KTF 0.95 , /\HZBU_J E/J%lA,fIz vy —-1.16E10  5.49E9 yiry;  —7.65E9  —-4.42E8
E—I—-%u/ﬂ;—‘» ¥a 1.9E10  -1.72E10 || v,*y. 6.497E8 -6.89E8
Y3 1.3E11 2.05E11 yirys  1.01E09 -1.22E9
20 Vs 7.43E9  -5.85E9 || v,y -1.7E09 -3.38E7
18 ys  —1.97E11 2.1E11 Y1*y7 3.9E09 1.17E9
<16 Yo 3.761 0 4.7E10 yrys  —3.5E10 -9.8E10
= y;  =9.79E10  2.6E10 yarys  —419E9  -1.7E10
= 14 ¥ 2.25E9  -1.034E9 || y,ys -1.06E10 7.28E9
ﬁf 1 y?  =797E10  7.1610 || y:'ys 4.6E10 -2.39E9
v —496E12 -1.21E13 || y,°y7 5.5E10  1.37E10
10 y2 81310 19811 || yiys 44EI0  2.6Ell
8 0 b 4 s s 2% ys 92812 -9.02E12 || y;+ys 6.57E10 -1.23E11
F{E /10MPa ye  =3.5612 -997E12 || y;*ys -1.37E12 2.04Ell
5 mises M ATNMESHEEXTLE e 1.1413  -3.16E12 || y;-ys -1.22E12 3.43E11
Fig.5 Comparison of forecast and calculated values for Per ¥’ -1.458 6.474 7 yarys  3.28E9  -8.73E8
16 ¥, 1.151 1 -1.02E11 || y4°ys —6.57E10 5.71E10
yy 10714 25214 || ysry, —6.4E10 1.5E10
" y¢  —424E11 —1L1IEI2 || ysrys  1.93EI1  6.24E10
P y¢  -151E14 13714 || ys-y, 45E11 —29E11
% 10 ye 22414 55014 || ysoy; -52E10 4.7Ell
E 8 y7  -5.66E14  4.8213
6 10—
9 I
4 S I
7 I, ,
20 4 6 s 10 12 i o M— '
B /MPa j= d
B 6 Por MMMES MR Sy,
Fig.6 Comparison of forecast and calculated values for ?= :i};z
mises stress 2 4 6 8 10 12 14 16 18 20

34 BITZERGFESH

TR 5 XoF W) I 5% W) 3 B 38 R FH R B
ST B T~ 8 JE Xt d5e K g AR B 2 s
NRGEHPR R ATE . L0353 13RI
TEAH S

X T R T F 5T RS B PR T R AR
A B A 0 N R SR I By, X U BH i
ST NI T B R DX S AR A T RS2 U B ) A 2 A

i BT RORE BE MUK FARHE Y, A B4 it P 52 iR 242

o FE NI e AR SR 0 X i KON g 1) R AP
%Iﬁg%iy’tﬁﬁ“%l‘m B@$HE9€% , 1_@3% Al HEE

effect on misesiy

B 7 mises REIEDHTE

$31%

Fig.7 Sensitivity analysis chart of mises stress

10 P
).
s I |
7 i
Yy
o I
s I Vs
+ - y7
3.
| H
|-,

effect on P //

2 4 6 8 1012 14 16 18 20 22

8 Per iﬁﬁ}#ﬁﬁ'@

Fig.8 Sensitivity analysis chart of Per



30 RS S NI S 1

%38 %5

Fo ATLVE M VIR BT B T AT SN SR A A e
AR E KN T SE A E Ao 2

X AR BR A 11T 75, A RS e MR 3G I %) e A7 R0
TR HE T R ST AANE AR A 5 By, 3 16 B T e A4
A AT RE R ARSI B R AR . #R IR AR EE AR
W BEAHE T , A8 HE N  7 EAR JRE BE y,  REATK T
FEFEAREAR v, SRR ST A BE ) BG4 32
ys FIEGINTAIAR = B . e TRRh a2 —E i, Mtk
R AT e 78 AR 1 BE SEBR 20N 1 2 ] A8 I 25
Sy IV

i A P | v g ol .0 il ) IV s A SN S|
9~&] 10,

mises Jif JJ/MPa

Low High
B9 mises B2/ ERAE
Fig.9 Principal effect map of mises stress

2.6

" Low High
10 Por XM
Fig.10  Principal effect map of Per

SE Wk

N T2 R VR mT LAY e 38 - B 23 AR AR
AR, BRSSP, X BIR Ay 582 w4 e
AR v T e IR A i B8, A BR A AT /N — 2
IERISAE HBISE R SR REE v, SR UK bR
BORAR 75— D SRR BIEAH SR A2 i 7
PRJIBERE , 3t 8 B AL B RO 28 5 X B R
T, B T s e A4 32 R ) B 25 1 48 O P
WA & I LN VRO TN Ri0: ) [IPO KL i
JE B FETHE B L AR IVERT . Fil e, 5 ATt
A B A TR ) AV N 32 B 0 A L s e 0 i £
FHEe/ N o A1y BRIV B T PR E AR E

4 45 e

S A X T A 58 2 E 0 2 A [ A 0 e T, 7
FNZERIT

(1) FIJH Python 15 5 51X ABAQUS #4717 —
WK, AT AT U DR FE AR 52 i S8 L [ 3
A3 e i 0 A5 ) L, T S A 5 1 S 40k
it 50

(2) FRECHRIS L AT S R I HEAS A5
19 H S35 208 0 TR S 2 1 A
SEUTATRI AT B N T At s Ak et , 7]
TEDRUEM FEAESE TSR0 BE AU RTHE T, T e B2 4
i AT 5E BT RO, S HE m oK e i B 2E
FE T IR

(3) T2 F o 7 i b P 272 50 8 A 22800 4 B
FEW] Vvt 1 X6 T e 1 PR 5 e AN [ Y, 15T
TR AR AS B AT, BRI
B, AT REAR AT B, 4 BET T 380R

[1] X0, womode , W2z 25 FFFL ISR 25 Fa i FRBR SRS MR MO AR (D] PR R U T AR K224, 2016,37(12) : 1613-1618, 1637.

Liu Feng, Han Duanfeng, Yao Jun. Robust optimization of a pressure spherical shell with a strengthened opening [J]. Journal of Harbin

Engineering University, 2016,37(12): 1613-1618, 1637.

[2] RORE Ay, M. L T AL AT 219 UUV M RSO A BT S AR 5 1R , 2010, 29(5): 561-565.
Song Baowei, Zhu Qifeng, Wang Peng. Optimization Design for Unmaned Underwater Vechile (UUV) Shell Based on Combinatorial

Optmization M ethods|J]. Mechanical Science and Technology for Aerospace Engineering, 2010, 29(5):561-565.

[3] Shang Gaofeng, Zhang Aifeng, Wan Zhengquan. Optimum design of cylindrical shells under external hydrostatics pressure [J]. Journal

of Ship Mechanics, 2010,14(12):1384-1393.

[4] Verroust A,Schonek F,Roller D.Rule—oriented method for computer—aided design[J]. Cmputer—aided Design, 1992,24(10):531-540.



55 13 XU ST A TSRS R T 31

(5] 6V DR TERAR s R S5 AL 58 B2 70 AT S5 DAL BETHD L WA R B « MR R B TR, 2010.
Pan Tao. Structural Strength Analysis and Optimum Design of Deep—sea Submersible[D]. Harbin:Harbin Engineering University,2010.
[6] XU, ) F , e , 45 . FONTEER I R SR BT SRS M A A HOR 7412, 2015, 34(1) : 32-37.
LIU Feng, WANG Li—feng, HAN Duan—feng,et al. Parametric Design and Stability Analysis of Pressure—resistant Spherical Shell of
Manned Submarine[]]. Journal of Ocean Technology,2015, 34(1):32-37
(7] HISCHr BN K G FEFe 255 70 B[ D] G AR - W /R TR, 2013.
Qu Wenxin. Structural design and analysis of pressure shell of manned submersible[D].Harbin:Harbin Engineering University, 2013.
8] HAL.1000 AFE Al BT KA BETHD] IS 7RI - PR T AR K, 2012
Ma Lie. Conceptual design of 1000—meter light operating manned submersible [D].Harbin:Harbin Engineering University,2012.
(9] *F ARG K RGEFNTE K e A S S L[S AL at - AR ACHE bt , 2013.
China Classification Society.Code for classification and construction of submersible systems and vehicles [S]. Beijing: People's
Communications Publishing House, 2013.
[10] EfAo%, i B B0, 258 K AT AS I A e A S B B TR JOEREF 22741z, 2017, 43(2):33-38.
Miao Yiran, Gao Liangtian, Liang Xu, et al. Parametric optimization design of pressure hull for automatic underwater vehicle[J].

Journal of Dalian Maritime University, 2017, 43(2):33-38.

Parametric Design and Sensitivity Analysis of Pressure Cylindrical Shells

LIU Feng', WANG He', MIAO Yi-ran?, TU Chao—hua', ZHAO Yan-kai'
1. College of Shipbuilding Engineering, Harbin Engineering University, Harbin, 150001, Heilongjiang Province, China;
2. Science and Technology on Reactor System Design Technology State Key Laboratory,Nuclear Power Institute of China, Chengdu
610041, Sichuan Province, China

Abstract:In order to improve the design efficiency of pressure —resistant cylindrical shells, the parametric
analysis process is designed for pressure —resistant cylindrical shells. Material properties, load exertion and
boundary conditions involved in finite element analysis are studied, and the arc length method is adopted to
analyze the stability of pressure —resisting cylindrical shells. The ABAQUS software is redeveloped by Python
language, and the integration of ABAQUS is realized by using the Isight software. Automatic mesh generation,
automatic analysis and calculation of the finite element analysis model of pressure cylindrical shells are also
realized in this paper. The sample points are selected for parametric analysis, the response surface model is used
to fit the sample points. The approximate model is obtained, with high fitting accuracy and satisfying engineering
needs, before. the sensitivity analysis of design variables is carried out. Research results show that parametric
analysis process can realize the automatic analysis, approximate model and sensitivity analysis of pressure —
resistant cylindrical shells, and reduce the difficulty of analysis, thus improving the design efficiency of pressure—
resistant cylindrical shells.

Key words: pressure cylindrical shell; parametric design; similar model; Sensitivity analysis
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