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This study evaluated the structural stability of an
underwater vehicle body under external pressure. First,
the body thickness and size and spacing of stiffeners
were determined in accordance with ASME BPVC
Section VIl Division 1 and Division 2, and these values
were verified using static structural analysis and
fracture mechanics. Subsequently, a body of the same
configuration was fabricated, and a pressure test was
conducted using a hydrostatic pressure tester to
analyze its structural stability.

254 s4|(Underwater Vehicle Body),
Ql—‘?-?:,@‘(External Pressure),
A L6l (Static Structural Analysis),
LA™ (Hydrostatic Pressure Test),
otu|=sk(Fracture Mechanics)
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2. ASME BPVC Section VIII

AlA ZE=ol A& 2, 1% 24 NA ARG H = <
98719 AAAR AL AL A50] B
FZFZA O 2 ASME, BS, DIN, JIS 52 3 &3}1 9|
oh @4 A AAH o 7 ol ABHE FAL
u]=+9] ASMEC|H, 72 Z0] 4] Section VIIIZ 37}
A division© & T}, 11 = Division 3= 21 ¢
7)o A8 % 7|9 Division 13} Division 27} &=
&719 AA & AZo] 2 A&EIL U} Table 1
2 Division 13} Division 29] o # 2 Q] X} o] & o]},

Table 1. ASME BPVC section VIII division[3,4]

Item Division 1 Division 2
Allowable 3000psi N/A
Pressure
Safety Tensile Stress /3.5, Tensile Stress /2.0,
Factor Yield Stress /1.5 Yield Stress /1.5
Design Formula-based,

Analysis—based

Philosophy Simple calculation

FAGINT, HeA AA Aekol KAt TebA
2 ATHE £5254 5A9 B4 17

o
Division 2 3 3+7 HEsto] Bl w T A

3. 5414

4. JPZ = YTI T
4158 FA 4

Division 1 7ol et 542 J&3H 2 &
E 7120z Agsgen, +4 )% 2
W QF AL v wete] 27 TS
3tTH(4.6 mm).

28,  PD,

3~ ot

@™

+S2SH SH2| 2% & PP A5t AT

Table 2. Body properties

Material AL6061-T6

Yield Stress(MPa), 5, 275
Maximum Outer Pressure(MPa), P 5
Outer Diameter(mm), D, 323.6
Body Length(mm), Z 532
Young's modulus(MPa), £ 69000
Thickness of a stiffener(mm), ¢, 10
Length of a stiffener(mm), A, 7.2
Average spacing of a stiffener(mm), L, 70

2

24 ()9 g FAstATHE 4 (3)9 g 7
3t & ASME Section II Part D — Subpart 3[5]°] Aﬂ
FACTOR AE #3tt}. o] wff, =4] (3)9] gko] 50 =
7Y 7 $-2H FACTOR A g1 500 2 & &-5}ofof
gttt

L
Dy 3

FACTOR A% ZF& o] 835}o] ASME Section II
Part D — Subpart 39 4] FACTOR BE 3t & 4]

(4)9] ke F3to] FA S FEH = A T} v
4B
P =300 @

RROEROE PEEDCESEEREE
B 27} H80] WA TS Helatet.

4.2 HAA A

Division 1 572 913t 57] 9] B A 47 &= 4:4]
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14
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14

21 (5)9] gkol #=2] (6)2] %k w|gto]ofof B}t
B A= F oS 5= .

F7HE A9 dExd HES 5ot EAA
9] FACTOR C, DE 5to] H3A 9] x4 4
A1 (9)9 @2 5A Y FE 27} v W g,

3 PD,
D=7 t+A,/L, @
2D
c="7 ®)
4D
P =30 ©)

4] (9)9 gkel &
A AA WAl éﬁé}% gelstAitt.
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A5 SA) A (Division 2)

A FA 2A

Division 29] o] & 2 A Division 1 A A ¢} =
A3t A 4= A&t

Division 2 7} Z o 23t A9 FA A= 27]
FAE = AR H 44 (10)~(15)F °]-&5t
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1.6C, Bt
he D (10)
0
L

M, ﬁ (11)
0
¢ 0.94

Ch 0.55(—) for M, = 2(—“) (12)
DO

D 0.94
_ —1.058 0
C, =1.12M, for 13< M, <2(—

(13)
092
C, = 0579 for 1.5<M, <13 (14)
C,=10 for M, <15 15)
4] (16)~(18)& °l&3ste dlSHEEF=0F
(F)= A4S
F,, =F, for (16)
Y
. Fhe
F,,=0.75,(F,./S,) 5,
17
Fhe
F,,=5, for g =2 (18)

4 (19)~ (2= ol&3st AR FSE A4t

.

F§=20 for F, <0558, (19)

ic

S,

y

FS =2.407— 0.741( ) for 0.558, < £, < S,
(20)

F§=1667 for F,=35, (1)
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Division 2 F4A°] 93t 549 EZA A=
small stiffening ring 7|2
FEGAY 8 G B4
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047w B B4 T 24 54 (10)~(15)14] 5]
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Al (25)F ©o]-&sto] S&S <t “33_ WA =4 &
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h E\"°

7 = 0.375(?11) (25)

SH| SHO| e 7L QYo Bet S

A 9% 4% 8 A FAY HES 99
oFe) 4] (26)~(29)F WEHA| FeAFHe),

0.334
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A, > 0.06Lt 27)
o 5.33Lt"
Is > W (28)
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M, = <15 (29)
VRt

B Ad 274 AES 99 obd 54
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.-

x
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(32)

_ 1.492

0.5
T

DU
for 26 <, <4.347—| (33

0.5 D,
) for M, > 4.347 T (34)
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Table 3. Element information

FEM model Nodes Elements

Underwater Vehicle

Body 466,350

264,680

6.2 4A=4

Fig. 1S 80481 40] 488 AAZAL e}
ot

- A: External pressure

- B, C: Limit of displacement (UX fix)

- D: Fix

[A] Pressure: 5. MPa
Displacement
Displacement 2
[B] Fixed Support

Fig. 1. Boundary conditions

6.3 3423}

=)
19
K

A9 RGFxNA 9 HfZH} o
2R E 9 FAFAAAFE B4
Fig. 2= &9 fAZ2IE YL Fig. 3+
#2292 el Table 4= A EATE S 2
e e AS HErd
HS L 229.55 MPaZ 29 FEJEHT}

2ol T2HOE PYHYS HAY S Yglon,

KNST

229.55 Max
204.06
178.57
153.08
127.59

102.1

76.611
51.122
25.633
0.14425 Min

Fig. 2. Equivalent stress

1.007 Max
0.89512
0.78323
0.67134
0.55945
044756
0.33567
0.22378
011189

0 Min

Fig. 3. Buckling model

Table 4. Analysis result

Max.

. Load Load Load Load
equivalent

multiplier  multiplier  multiplier ~ multiplier
(Mode 1)  (Mode2) (Mode3)  (Mode4)

stress
(MPa)

229.55 1.7351 1.9073 1.9288 2.0378

ZA2AAASE 173512 0|5 EYE 5] &ot%
2 8.67 MPa2 549 QR x AR £ T

24 QY42 Bl ste.

A 27k A A YgF ASME Section VIIT} F3H2 4
N2 FAH Y F4 e gHo= gyt o|x|gk, A
A sA 4T & = Aoy #+29 BF AE
= AP0 R NP A = A=

1} 7] H 5} (fracture mechanics)2 27| 2¢2 &
AE Hgstn #2044 0 33 24 Bk
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Pl Dy—2t
s =225 e

4 (35)9] grol TA S FEHF L 5, Bt @7
J 2 7= ASME code B4 71&9] 3838 %
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7.2 Leak-Before-Break 7}

LBBS B71ot7] 9ol = dAE 2 et =
vl wstofof gttt A AA #E 7€ th=3 Zol
AArE o

K

G = % Yg’i (36)

S AG K 7F st A Ko I Z o= 3
2 7HTH

83 HEHEFYEo7|9] Y=11~1.3, AEL

AL6061-T60] 7|0 w14 K,=25~ 352 AAt
.

7| A <4
& 7o)t}

LBB H715 93] ot o] 43 Zo] YA ¢ A
719t HE < 27 Bt B oSt tE HE A
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A€ @3] a0l T

Fig. 5= 0¥ Q14 Aol W& LBB A H 4 77
K AR AA FA & gulstal
G o3} B 53 7

N A}, Tt K7t 309 SE
2 wESAE, 259 FEAAL
uz%ﬂe@afAOEQQuq‘
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o Sha1etet 2uolA 4ol Ge A
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W

Fll‘ o,

N

oA 4N
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rir rlr ro

K vs Crack Length

] =1

30

20 A

Stree Intensity Factor K (MPavm)

2 4 6 8 10
Crack Length a (mm)

Fig. 4. K vs crack length

LBB Boundary Condition for Pressure Vessel

— Analytical LBB Boundary ‘ |

144 Safe region (LBB) —
Unsafe region
12 4- —- Design thickness (4.6 mm)

Safe (LBB)

Unsafe

Boundary Thickness for LBB (mm)

|

|

T T T T T T T T

20.0 225 25.0 27.5 30.0 32.5 35.0 37.5 40.0
Fracture Toughness K_IC (MPavm)

Fig. 5. LBB Boundary condition for pressure vessel
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FeraachA 2ot ity Qs JE 205 AY
A dlolelet | E 9o AR 5Y F4 TAHAE A
25l 1, A ZE A 2 Fig. 69 Zo] 5 A1 E

2 WA st

CEO L EOE DEEERLEERUT

FAY T YR ol Rot vhd U MY ol R g
AR EAZE A A kekrlo] FAY T2 A
AL AT 5 AT
9. 48

£ AP £354 A A8otE A
3% 2ANMY F2H A S AAH R B4
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¥ ¢ ASME BPVC Section VIII = H7A 2
tfA|sl= Aol oty I & A A& ot g5
Aol AASTLEN 7|&E A9 AFHS Ert
AFH o & gristlnt. ol #e 2+ 71E£9] 5&
&9 7|8t A7 A F5HA] Eot= 2 5184 (da-
mage tolerance) ¥ o}& AU & A 1T 5
UoH, 53] AF AL 4 1A= go] 3 FE=
AGA A A AFoll &5t J&E & A=

Ao g 7=t

FEole 27 23 2719 FEEE, §HE 79t
GENZAE AT LAEH HSS ETST AT E
S Bt A 52 25254 54 A4
9 ergA B AAE F5T 5+ S ACE ot
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