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In this paper, a method is presented for the optimal design of submarine pressure hull structures by taking advantage of genetic
algorithm techniques, The objective functions and design constraints in the process of structural optimization are based on the
ultimate limit states of hull structures, One of the benefits associated with the utilization of genetic algorithm is that the
optimization process can be completed within short generations of design variables for the pressure hull structure model, Applied
examples confirm that the proposed method is useful for the optimal design of submarine pressure hull structures, Details of the
design procedure with applied examples are documented, The conclusions and insights obtained from the study are summarized,
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Bt LM TE(pressure hull structure)= Egtel A mode)oi| tHet TEZEE BfRle,
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Ao L=l X0y =27k sHESlojof s} ERrslo] M TE 2 SAEC R HElsio] AMA F=MA| &8st Ut =
ZollM LMA|Z} 71E B35 H20|0{, MRS QF HollME MARE 2 "R A7 =21 (Cho, 2006), =
Qldof| CHEH ZE3H LIQIATE Sisljof it ol Bk pEMAQl =0l MEF 4= AUTE RE MA!

Ertlo| QRMA|TEE HE EEZ 8H E= dFE U= 7|EME 7510 ®MASICE (ROKN, 2016).
Ml LZ(ring-stiffened cylindrical/conical shell structure)2} & QMR SL=FA AMAHTE 2AEHshel) FH, HEtsZ
90| Zt(end bulkhead)22A HFE = ERRIE A X (ring frame) 71, fetsZ A2 3! SX| 37|, tE@=sS(king
(hemi—spherical/tori—spherical shell structure) 2 TFAIEIC} f2 frame) Q2 2 EAX| F7| 0|0, HAHHLES CisH H
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Fig. 1 Pressure hull diagram

N, wi ool HE, & oEEYoztEe| sl D
olEt 2N, pi 9I% 2, R S v, FE NBEMS h
£ O, v M2 Zoksslolct. § Aoz o/E Ml
2 P30 oE FUR(@, () L ST AWK, @)l Lhsk=
S 9 Zgige Tefet Zo|
E_|

i(0,)2l ZEez 2E83 (s, )8 ARSIt (ROKN, 2016).
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Wt S2(o,) 2 AFWe|
A

oo

o, = \/J$+Ji—0¢-a$ (2

2.2 Et HIUT AN

He== AolollM Lhdske 2imt ZzE2 H|HE FH=ZE
(lobar mode)2t EOH2! =22 =(axisymmetric mode) 2 725+
1, MEO| BN HAs D{sio] ZTAH NS TSIt

ot HICHE =t=zof CHst ElMINdoMe| zzd=2 ks
3} Zo| 78} (Reynolds, 1960).

P oal=? E(1,@)+Esg 3)
pmul = Per 1—V[2) E 4 E 4

0i7|M, pl, B LHERMEIZOR, o 2 EMEEUR, 4
= MEo| &M XoRSH|, E = tangent modulus, E, =

secant modulus, &= & HFE R, 2Tt FH K, SSA0| 9
o Zo| L2 FOolXlE ZH=1.23 vV Rk /L)OIC} 2UZ{MA =
DRYol| A e 4= Q= T|MET Y HR3Y Sl =12
SHinitial imperfection)e] sks T12{gH ZA|AI(reduction
factor) v& Toto] ZBXOl oEt FZl=(per)2 CS 4

oF MEgit

e
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X

e
p(’T

=3

b= yepl, (

QI i Zt=Zol et BadIHoMe| F=U=2 CfF
b 2ol 78It (Lunchick, 1961).
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o7IM, a2t c= M=ol SEMEfd| w2} =2l secant
modulus} tangent modulusol| 2} ZA == Zholck =E&eQl
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Py =ppt ——— +pp 6)
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Ehote 22, p,e HESS0| gEske 228, py, = 7
Elo| akth AAof = AHo| Hske F=E{0110, nd
S5k ZmL Eo| mpd $0lct MA|EE U FEle| ZA
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M| Z=Zol| M| ZEAM Hote MAzZE oo w2} |
gisloflA pEts 3ol WSk ZEl83e] 2o w2l 2
= R E(out-ofroundness) 3715 CFS Alez AESI0|
ESC} (ROKN, 2016).
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SHoM fE=Z i SEEIIXS HEl, pe EShe 2F
2 n2 Z= Lo[ch YsE0A A 8= Tk
= 28 A& vk4el 0.3~0.4%=2 MEsICt,

oM <
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(Fig. 12l @)ool Lstk= SHS &Esto] F-ETICH (Kennard,
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sl Zdsk= 34 ¢y, ,,, 2 12SI0 HFESE SHE O

=2 oTi2
Alo2 LiEfHCE (ROKN, 2016).
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A 24X
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Q2iMx| Beto| ZHH(End bukhead)®| ErZer Aste 7
& o/Tspherical shelloll CHet FREQI S22 Defsi0 4
Sich =5 DBUR R, o T /Tl e BN O

P, 52 Che Almf zict

th
EsEt (9)
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Pl p= 0.84 5

O{7IM, 1, QI SHolck H{ZEel Bajo| Zise| KiZQleie
olpt 2121} DR IXIZ ZHASE TS Al (4= TEIc)
Bajo| ZHzZolMe] ZEAN Bl B2}, Cig Al

o= AM== 51& 78 Z(out-of-sphericity) 37| AfE HE
slo] AISHCE (ROKN, 2016).
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Table 1 Optimal structural member size of pressure

hull by GA
N LMPa) | | a5 | a0 | a5 | s0
Shell thickness| 0 | B | 4 | 48 | s
Spacng | L, | 430 | 520 | 560 | 590 | 640

Ring | Web |h,, X t,]268x20.5| 242x22 | 264x24 | 264x25 | 270x26

frame |Flange bf><tf 240x19 | 126x66 | 230x39 | 166x56 | 186x63

King | Web |h,, X1,| 890x36 | 840x20 | 820x50 | 900x21 | 800x40

frame |Flange b/-><tf 520x64 | 380x86 | 520x70 | 500x92 | 600x84

Fitness value, F(X)

(Weight/Volume ratio) 0.17331 |0.19451{0.21687|0.23813 | 0.25624
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F(X)

Fig.

h/Lf

0.2

0.1 4

7 Fitness values F(X) on P

3.5

4.0
Pn (MPa)

n’

4.5 5.0

by GA

3.0

Pn(MPa)

Fig. 8 Thickness/Spacing (n/L;) on P,, by GA

Table 2 Optimal structural member size of pressure
hull by expert

P, (MPa)

Item(mm)

3.0

35 4.0

45

5.0

Shell thickness

h

28

31 34

37

4

Spacing

Ly

380

390 400

410

420

Ring
frame

Web

h, X1,

254x20.0

265x21.5 | 270x22.5|270x23.5|270x24.5

Flange

bf.><tf.

180x30

180x30 | 200x31 | 230x32

250x34

King
frame

Web

h’u} X tLL

750x36

850x36 | 900x45 | 900x50

900x50

Flange

b, Xt

500x80

550x90 | 600x20 |600x100|600x100

Fitness value, F(X)
(Weight/Volume ratio)

0.18082

0.1935410.21115|0.22975

0.24948

F(X)

Fig. 9 Fitness values F(X) on P
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Fig. 10 Thickness/Spacing (h/L,) on P,, by expert
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