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Optimization design of non-pressure tank structure
based on simulated-annealing algorithmm

WANG Qi', HE Qijian, LEI Jiajing
China Ship Development and Design Center, Wuhan 430064, China

Abstract: [ Objective ] Non-pressure tank is an important component of double hull submarine. With the in-
creasing diving depth, in order to reduce the structure weight and increase the payloads, the structural form of
non-pressure tank of submarine need to be optimized. [ Methods | In this paper, the thickness, frame spacing
and stiffener section dimensions of the non-pressure tank are selected as the design variables; the structural
strength, stability and geometrical requirements are set as the constraints; and the total volume of the structure
is determined as the objective function. Based on a simulated-annealing algorithm, a special code and optimiz-
ation tool are combined to form an optimization plan for a transverse non-pressure tank using Matlab
software,and qualitative analysis is conducted for the optimized design results. [ Results ] Under the premise
of meeting the requirements of recent codes and standards, the results indicate that the structural volume of the
optimized plan is reduced by 27.2% compared to the original plan. [ Conclusion ] The results of this study
can provide useful references for the design of non-pressure tanks.

Key words: simulated annealing algorithm; tanks; structure optimization
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Fig. 1 Structure diagrams of tank
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Table 1 Similarity of annealing and optimization
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tion
oy el LIHARAE oy e YR LA
JUAE  be/t—10<0 JURTZIH 0.3=Agmb/Azp <O
JURZIE  he/di—40<0 || SRR 09-0.850 <0
JUTZE b/t~ 10<0 || BEAK  Peo—PE <0
JUTZIE  hy/d,—40<0 SRFELI R oh -0 <0
JUZH di/tr—1<0 BIELM 105705 <0
JURZH dy/t,~1<0 SRR op—0s<0
JUTZIH Amp/Am—07 <0 || 8EEZH  7,-0570, <0
JUAZH 03-Amb/Amy <O || SRR 0 —0s<0
JUZIH Agmb/Azm —0.7 <O || 38215 C-0a<0

W Agmb 1 Ao ZR M E AR FIIEIR TEIAR,  Agmy 1Az RN H
THIAR AR P THI AR

LR ) B AL S T2 SR TR, DRI ST] pR A 152
EAR O T 200, BOAR SR TR e vk 6 4 B
T LAAbHL

1.2 HEIMEIT

121 BHEENRETERY

M FH BE DL RS 5L IR 2 R RO, R B 3 A 5
AR A — AN REPLE. X T R U, 2R
HLECS HE 22 [A) 57 58 A e S, (HL B iU i 2 [ Bk
ABAT AT, LRSS IE AR Sy . 4T Matlab
S R S A, A P A DR 9 T A S REALEL
A ST WS DU AR XS 25 5 o PRI, A SCOR H SR [11]
Hh e 0 5 VRl S e R B AR ES A e B
an, H 2~ 10 mm A S5 FEAR R BE ¢ F OIIE 72
MRS BB (1= {1, bt} ) S m AR5 B
BLAZ 15 76 Al J5E RE 22 1] 26 B A W 5 i T Matlab
PhARHS W] R h

t, =t {Int[(m—1)rand ()] + 1} (13)

s rand( )y BEAIL KA ek R, BEBILAE B [0, 1]
Z [A) A BEHLER
122 REEZIRY

RS B2 32 oR B W R Metropolis #E ),
FEAFFLRSH T ERY R R JGS R, DI
R T R BRSO A R BR TR
BB o

P AR ), o i T AR i s DA RORE
) H A5 pREL F(s) T LA 2 HA R AR A — A Otk
A i FUG L RE B E,, Y R & AR N AR, 2
ik — AR, XTI Be iR Ejo 4 E<E, B,
RS T BT IR Y E<E B, Frikas
T BURHT — RS2 2% Gz sh i s e, RIAR I8



LA L TR Rk A A T T A ) 3 25 4 DA 5

BT 2
BEAR Ty AT A . HARIBAN
Pr(s—s)=
1, F(s) < F(s)
{exp(—w) >rand[0,1], F(s')> F(s)

(14)
e Pr RS IR MR T o S AR .
1.3 SMEIMIZ T

131 BEEHRERLY

HT T 2 T 0 B Y- 7 25 B 43 BT 10 3R P R
PR BT BB H A B . 7E Matlab (1) Optimiza-
tion Tool 4L+, $2 4 T 3 bl J& BT ek 4. 54K
LR X RO DR RN 2 T U

5 RTE IRl pR R Y e kAN

Ty =axTy (15)

L, o BUEAE R 0 < a < 15 k Fon IR EL
MRS TR GUE ST

T =a/lg(k) (16)
e PE R D R B B R IR AT
T, = K‘}(:kto (17)

Ko K, WA T A RRELG ¢ N PTRTRE .

Zo b THAL, R I BB R R BT T B RSOR A
1%, T8 Bl v oR 505 2 1 5 A oA BT B AR A
M. R, AR SCR F AR o s R BT A

34N, TESNIE PR IR T E W LR IR . Op-
timization Tool £ 4 H #K IA 1Y %] 4 8 B J& 100 °C,
Z SRR R, B hh IR EE SR T 2 T R A (500 °C,
1000 °C, 5000 °C, 10000 °C), 11k i %R FUKG i
FEUA 15 30 W E A T, B AR SR HBRIA I 9
R AT
1.3.2 SMEIRLL AN

HMIE L 1B T o ST I A5 R, —
EALHE AN TLRR 7 vk

D WEZIERE. € —MR/NWIEH &,
MR /INT & B B A

2) WEERRE WE - PMERKREK,, Sk
FEEREGR T K, i, B2, s e i

3) HARMREA 2. AR —NRET, HEm
356 AR BN VAT R > T e R A A A A 1Y
EAE AR/ R 2R N, L2k, f i
efift

MR S BRI 5, & B 1k R (A AR ME A E

— SR B e KA R B S A TR B H b R A 2
14524 11, Optimization Tool 41 124 v BRI 4 5 K
QALK 3000 eI AZ 545, X TASCRIZ 39000
K, bR REUR 22 B0ONE R 1107,

2 WAREBRALKERES

21 IEMHIERAEHIGE L5

T SR 1 2R FE A =X I H AR AR A A9 5 6T
R, KA S AT R b S vt . AR s
P IF) W M A ) BR 25 # S8 F

1) AR SE R 46 AR R 8 mm, AR #) 4R il
H [E]BE 2 500 mm,

2) W XA EIRA T B &I, hE S
B0k A 10 mm> 100 mm, AR 15 mmx=54 mm; Z0E
800 AL 11 mmx100 mm, AR 14 mmx52 mm,

3) W ARTE e e A B JH O 1) B 2008 B 1N
e, FEMRJZEE 6 mm,

A i e e JL AR A B 40 BT 4 s o B, g
O ER 3 AR T AR, & A SC E LR 451
TR AT 0 Ry T R 25 4, 32 208 3 S AR i
e rfE, A2 S5kt

4 R S Ae S LT AR A

Fig. 4 Geometrical model of non-pressure tank

22 HEWHE R ARG

BT AR 5 B BUE S [ an 36 3 B, (4 it 5
SRR 4 PR (B RS, BRIE DBk, Hh e
TN mm) o PLAL)E RS

1) WA 5T MR 46 AR N 6 mm, R ) 46 Al
B 18 #E K 480 mm.,

2) Wid B g Bk TRM . ES
BR: BB 8 mmx100 mm, T AR 12 mmx46 mm; 2
BEZECN: B 9 mm=103 mm, AL 11 mmx48 mm,

3) WrAR T He 5e AR B FE 75 ) A 2008 & 1 N4t
e, FEMRJEEE K 1.2 mm,

4 GIB 8741—2015¢ K fi H 10CrNiCu
BRI ™, Mokt 9 fe /N FE AR R 3 mm, PRI X 4



6 OE )

My BF 5%

519 4%

®3 BEUHEENELE

Table 3 Data range of design variables
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Table 4 Comparison of optimized and initial values for non-
pressure tank
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Table 5 Comparison of optimal volumes for non-pressure tank
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Fig. 5 Convergence curve of non-pressure tank optimization
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Table 6 Result of strength calculation for non-pressure tank
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