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Design Optimization of Pressure Vessel of Small
Autonomous Underwater Vehicle

TAE-HWAN CHUNG*, IN-SIK NHO*, PAN-MooK LEE*, CHONG-MOO LEE* AND YONG-GON LiM*
*Naval Architecture and Ocean engineering, Chungnam National University., Daejeon, Korea
**Ocean Development System Laboratory, KORDI, Daejeon, Korea

KEY WORDS: AUV(Autonomous Underwater Vehicle) A& F-¢177, Pressure Vessel 4414, Optimization # 23}, FEA 3-8

2314

ABSTRACT: This paper presents the optimum design of cylindrical shell under external pressure loading. Two kinds of material, Al7075-T6,
Ti-6Al4V, are considered. For each muterial, the design variable is a thickness of the unstiffened parallel middle body shell, and the state
variable, constraint, is hoop stress and the object function is total weight of the cylindrical shell. Optimization is performed by conventional FE
Program, ANSYS. In addition, buckling analysis is performed for the middle body of the cylindrical shell. Finally, we calculates the payload of
the cylindrical shell to keep neutral buoyancy with optimized thickness in deep-sen applications.
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Fig. 2 General view of AUV

Table 1 Mechanical properties of pressure vessel

Classification E [GPa] v S oy[MPa] 0.[MPa]
Al7075-Té 72.0 0.33 28 850 900
Ti-6Al4V 1128 031 443 480 550
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Fig. 3 FE model and result of initial design(Hoop stress)

WA e AEL szl 7T AReE &R EFv)EE
9% "Helgdag azislgen, s A3 A8 B4x)e
Table 13} zch

TZIL A8 FFeaZZ A ANSYS 8.01S o]88)
dou, A" f4E Y 8471 89 AFEES /XE
PLANES2(2D-8Node Solid Structural Shell) @47 |43} c)

SMERe 339 Bd o 239 weoRA Fu13 208
wolste] maPsigE, ot daAvel sk 34, 48

< 8%, AAEAL AdHeY] FAS) st dAFolEg,
3}1’9'@3} I FAHEE Tl FHaAR ofugt doh} Tl
oJtiDeep Sea Power and Light, 2001).
WW Fig. 3¢] 25l 19 vie} Zo] 2% ATl vyl

r-{n

2 ARl 2Y(mesh)BRom, aist F 307, AHSE
5ol AEHFES £4 600mste] e

60MPas] FAUHL 2l g, ¥ Edoles Q5
EREH AgHoleE 98 166.67MPar}t AAE] 9] Etto) 3
g3tgen, OE ¥ ol Uz NAAARAL B
Atk 271 AAAE 9743 Zol7b 242} 250mm, 780mm
24 DG, FAE 5mmaEA AAEFo FRHAAR
Dot 27)EA N e S| AAE Fig 39 353 #H3l
2tz el SHsids oY dFUgeges
A el A Ay, e of -332MPac]Sitt

2.2 AXMH 2Rlo| HAjst

WA} Foi7l estel A Weish g9 A@
< DES HaFgoz 4497 98 oo ADeR 3
A

/‘*/\1

AsEgnh 94 Hage BARSE Wkl 959 4
Byol Feroln ohgel A ()3 2.

W= 2zxv, t-L-o (1)



sl A FAH(AUV) 2] kA 24 HH st 97

3
$go] 718 & 957ake] ¥ (hoop stress)oll tisle] Az
FE-FHE 7| Z 17 55 Uik HARAN U
#o] AAsIAch IFY &S A dkhgke
ABS(1990) 778 o3l Al A& 128 YA e gz
Eissi=g

=0 yioom) = O hoop = O y(ten) Al

AlTte 2 A del FARM A B 84 B
e THAER e 2ol AfxAE FATh

tluw <t< thigh (3)

2.3 Z[XMA AL Aot

B A GAEE HlR o R & HHTAE FEx Y
9] ANSYS 8.01(1993)2 o]-&3te] 8148t ZA2}=E Table 29 1}
1220 Fei=

HALA FRRHE AR GFolE TFFAN075-Te)= 27
AEF 9] FA= 38.6kgol|A] 26.7kg o & ok 11.0kgo] Z9lo.
U Azt FA7E 16.69mmE A 7gE7] ofglE Xfelng
ol2 Al 17.00mm7t EAck TigE(Ti-6Al-4V)e %7
ADEF A9 FAE 611kgollA 24.0kgo 2 o 37.0kgAE A
o, A ekl AR AR F4sk 3 100mmE 3]
o HF FAE 26.1kgo] Hch

&4, 71&7)(gradient)o] ZAE F

-

¥ D= gro] #-83H ARgEo} A 4= Qltk

U= A Pes §8 2HEY, oliksly, A4 ol gl
o

o olF ANSYSOIM AgHeiAle M= e KT A
(forward difference derivative) @ ZA] 2](4)9} Zo] AitEo]d

T dow, Table 2] o) that FAQ Wt e g2
YER QATH(F) Bl g el =4l ], 2001).

ANM, ¢ (D E7 AWSe) ALY HAFIES)
Lo, ¢ (++40e AT FEE FolH AND g
ofvgiet,

ot Ao AE 1% BAANS V)22 AHS TAS 159
dout, WHAAE Ao T me} AR =l ojs) B
S5 Qs 2ol o8 W 2% Aok 2, £719 B £

2 A= AE)9 2ol A8HE Qo] BE Aro) L

Axksle] AR g2lo] Are) FEAS Ge AS HHun,
S} e ASE A0 e B Rl s waHE
Table 2 Result of optimum design of Cylindrical shell

Classification [rr:m] V\?:;ht [Sl\tdr;zsi
Initial value  25.0 38.6 -332 1184
Al7075-T6 Optimum value 16.7  26.7 -480 2649
Making integer 17.0 272 473 2540
Initial value 250 61.1 -332 1190
Ti-6Al4V Optimum value 9.2 24.0 -847 8844
Making integer 10.0 26.1 780  74.76
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Fig. 4 Collapse pressure of Cylindrical Shell (Al7075-T6)
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Fig. 6 Collapse pressure of cylindrical Shell (Ti-6Al-4V)
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