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Abstract : Submarines, which have been called an invisible force, are strategic underwater weapon systems that perform missions such as anti-surface
warfare, anti-submarine warfare, and high payoff target strikes with the advantage of underwater covertness. A submarine should be able to withstand the
hydrostatic pressure of the deep sea. In this respect, the submarine pressure hull, as the main structural system to resist the external pressure
corresponding to the submerged depth, should ensure the survivability from hazards and threats such as leakage, fires, shock, explosion, etc. To do this,
the initial scantling of the submarine pressure hull must be calculated appropriately in the concept design phase. The shape of the aft transition ring
varies according to its connection with the submarine aft end conical structure, pressure hull cylindrical part, and non-pressure hull of the submarine;
the design of the aft transition ring should not only take into account stress flow and connectivity but also the cost increase due to the increased
man-hours of its complex geometry. Therefore, trade-off studies based on the four different shapes of the aft transition ring are carried out considering
both the review of the structural strength through nonlinear finite element analysis (FEA) and economic feasibility by reviewing the estimations of the
manufacturing working days and material costs. Finally, the most rational structural aft transition ring shape for a submarine amongst four reviewed

types was proposed.
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Fig. 1. Submarine pressure hull structure.
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where
p is the pressure equal to the submerged depth,
q is the load for the radial direction,
T is the reinforced thickness of ATR,
R is the radius of the conical part of pressure hull,
L is the reinforced length of ATR,
t is the thickness of the conical part of pressure hull and
Le is the effective length.
(a) Main dimension and load in ATR.

N.Eongi.

where

« stand for the angle between conical part of pressure hull and
pressure hull,
Niongi. 1s the longitudinal forces by pressure p

N, is the membrane forces and,
N, is the radial forces.
(b) Relation between N;, N, and Ny
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(c) Overall collapse mode V Nr1
Fig. 2. Failure modes of pressure hull. L
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Table 4. Evaluation of the fatigue strength for each ATR (MPa)
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fatigue
stress 1 2 3 4
499.435 487.506 468.072 210.653 204.937
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Fig. 6. Method of the evaluation of the fatigue strength for

each type of ATR structure at NSP.

NCDAL SOLUTICN
S3 (AVG)
DMX =6.32623

SMX =-2.15591

ANSYS
R17.1
Academic
SEP_30 2019
16:11:56
FLOT NO. 1

—487.506 —366.168 —244.831
—426.837 -305.499

-123.493 —2.15591
—62.8246

(a) Type 1

NCDAL SOLUTICN

SMX =-2.31145

ANSYS
RL7:1
Academic

SEP_30 2019
16:13:30
PLOT NO

—468.072 —-351.632 —235.192
—409.852 —293.412

-118.752 -2.31145
—60.5315

(b) Type 2




o
(.
1 ANSYS
NCDAL SOLUTICN R17.1
53 5 1(;\\37(;) Academic
DMX =3..
a4y 210,652 ]
SMR =-77.6976 Sl
-210.653 -177.464 -144.275 -111.086 =717.8976
-194.059 -160.87 -127.681 —94.492
(c) Type 3
ANSYS
NCDAL SCLUTICN R17.1
B s, cri01 ey
a1 —20a.937 i
SMY =-42.6401 PLOT NO. 1
-204.937 -168.871 -132.805 -96.739 -60.6731
—186.904 =150,838 =114,772 =78,7061 —42,6401

Fig. 7. Principal stress (MPa) of each type of the pressure hull
adjacent to ATR at NSP.

5.5.2 HIME54 Zat

Type 1~49] HA &34 A3}+= Fig 8 (a)~ (oA ¥i= vt
gk o] CP] 116 %~ 125 %= THFatAl Lhepe, o] 417
Aol 2 ATRS] 7] A7 HERE SHoME 553
Al SRS BolFEt

SMX =551.968

|

T

16,767

62.3666
1

i 3 KE

ANSYS
R17.1
Acodemic

SEP 30 2012
13:48:15
PLC

P onspse=1.16CP

279.967

388.768
567

497.568
67 443,168

167
25 34

(a) Type 1

- 942 -

—— ANSYS
= Protiopse=1.16 CP s
i collapse SEP 30 2019
/EXP, 15:20:21
SECN (AVG) el 0. 1
MY =19.511
SMT =36.2121
SMK 551,976

D g sy 199520 5ug 133 F05 4 3pp g 9005 g aep B9 ooy e

(b) Type 2

NCDATL SCLOTICN AN%ESl
ey Poionse=1.20CP e
B =16 collapse SEP 30 2019
/EXEi 15:27:39
SOV (AVG) gt o, 1
DX =19.5092
SMY —46.3433
SMX —551.408

collapse pressure (Peoiapse)-

B &
TEES F

46.3433 158.58 270.816 383.053 495.289
102.462 214,698 326.935 439.171 551.408
(¢) Type 3
ANSYS
NCDAL SCLUTICN RI7.1|
iy P =1.25CP Academic
5B -16 collapse SEP 30 2019
/EXE] 15:38:51
SECV (AVG) gl 0. 1
[MK =18.5554
SMN =21.2494
SMK =551.562
21.2494 80.173 139.097 g0 256,944 315.868 374.791 433,715 492.638 551.562
(d) Type 4

o REE B4
of BAAHAA 2 Arla glow, HAA

Fig. 8. von Mises equivalent stress (MPa) of ATR structure and

TS Fig 9ol4 B nhe} o] e ATR T3 AFA| ol

& QFol AwHom

£
£



S

] ANSYS|
NCDAL SOLUTICN R17.
Academic
e M wsts
Type 1 Type 2

JE— ""‘, - ,a__-——\

S =

> )
Py, | g

ANSYS

v

T2 el UE 13
6. ZAY AE

freta s Ao mEd, 2%

Type 13} 200 H]ajA] B Qb Ehs €l &
] , AR A ] BHAA T EAH, Q72
SAIZIthA A H Aol Hold ATR 34
714 Agket dAE 3 5l

A SHAA 244 AL volH(EA T AA7e)E
type '8 7FE Al M= Table 63 2T} A4Hd
o] A9 Type 1°] 7 FHFalm, Type 27F H o] A 02 3t
SE Tt Type 39 4= ol & Aol7h fle vk AL A
Fo AL & 2po] S Ho|X] XUk Type2 HthE A Al
7} ol FE M, Type | Bk AA 4R

ﬁd
m
2
X
—
3

N
31
,

[o

°

r$L'

— - e Table 6. Comparison of the productivity according to the ATR
15 b7 315 500
shape
Fig. 9. von Mises equivalent stress (MPa) of ATR.
Type*
) ATR Shape
5,53 REtessiM 2 2HE 1 2 3 4
ofontE BEF AP R MY fRasd Ay o ———
£ AYsty, Table 59 2om, Ais EAs) BHl e (Type*/Typel) ! 083 090 090
type?] ATRS T2 E 9 HAFPES WHaln 9o & Takt time (days) 30 25 27 27
2~ 0] E sﬂ } O 3 ZFe ul HE7IE =
AT 58], Type 30 4 BHE A mA R AHETAE S Cutting costs (%) 0 17 10 10
‘:E"ﬂ*it Type 13} 201 H] oH*i gAY & 5 Ak
5 i3 [$)
Table 5. Summary of the FEA results for trade-off study EES, Table 7014 tLi= wke} gho] Ajmnle] 9= Type |
o] 7} HoluH, tFo % Type 27t FAH ] S &
Type  FEA Stress and Pyyign (MPa) 4 STk Type 3 % 49] A9 b4 A5e Type 17} 2 o]
Z = Ao bz
Linear Principal stress of pressure 487,506 2ol A SEZRA] el 7k v Al E kA S
1 hull adjacent to ATR ’
Table 7. Comparison of the material cost according to the ATR
Nonlinear ~ Collapse Pressure (Peoigpse)  CP+16 %
shape
. Principal st f
Linear hl?llllczlaﬂ?aciéfstso OATpl;e ssure 468.072 Purchase order Material
2 TYPE AREA SIZE (m) WEIGHT cost*
. (mm®) ——  (Ton) (ten million
Nonlinear ~ Collapse Pressure (Peoigpse)  CP+16 % Width  Depth won)
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