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Study on Modeling Methods for the Underwater Explosion
Whipping Response Analysis of a Ship Hull-girder

Jeong Yook, Lee

Department of Ocean Systems Engineering
Graduate School of Korea Maritime University

Abstract

An underwater explosion(UNDEX) interacts with thaurrsunding fluid in two
different phases which are potentially damaging atonearby surface ship. The first
phase is a transient shock front which causes & rdape in the fluid velocity, and
large inertial loading. It is named the shock wawvkich induces damage to shipboard
equipments and local structure. The second phasethén explosion is a radial
pulsations of the gas bubble with a duration mueohgér than the shock wave. The
pulsations are a result of the imbalance of intemplosion product pressure and the
fluid hydrostatic pressure. The bubble pulsatioeadl to quite significant pressure
impulses on a nearby ship hull, they tend to exd¢he ship in heave and natural
vertical vibration modes. Because the pulsationioper are often close to the two and
three-noded bending vibration frequencies of a cfpifrigate-size warship, a near
resonant condition can exist with the potential ¢dause large amplitude whipping
displacements. These displacement in turn can trgsssthe hull and, in severe cases,
lead to an overall hull failure. In this study, orend three dimensional whipping
response analysis of a naval surface combatanthef Korean Navy subject to an
UNDEX bubble pulse have been carried out. In 1-Dalgsis, the program
'UNDEXWHIP' developed by Korea Institute of Machipeand Materials has been
used. This program is based on the thin-walled ®meoko beam theory and the
modal analysis method using ‘wetted' vertical \ilma modes of the hull-girder. In
3-D analysis, a commercial program 'LS-DYNA/USA' shabeen used. Through
comparison of result obtained by between 1-D ard &nalysis, it has been confirmed
that 1-D analysis results are in good agreemenh B#D analysis ones.
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Fig. 1.1 Example of whipping-induced damage
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Fig. 2.4 Cross section of cylinder (unit : inch)
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Table. 2.2 Comparison of frequency of Timoshenkeotli and MSC-Nastran

Mode | Theory Mse Difference| Mode | Theory Mse Difference
Nastrat Nastrai

No. Frequency (Hz) (%) No. Frequency (Hz) (%)
2 3.364 3.389 0.74 7 48.500Q 50.291 3.56
3 8.967 9.100 1.46 8 60.576 62.931 3.74
4 16.793 17.169 2.19 9 73.006 75.916 3.83
5 26.285 27.041 2.80 10 85.649 89.095 3.87
6 36.978 38.221 3.25 11 98.409 102.3f 3.87
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Table 3.1 Category of section shape permissible ft@wis form approximation

N (=d 9 a 0
0.6 1.3 - 1.75 0.412 - 0.930
0.8 1.4 - 2.00 0.353 - 0.942
1.0 15 - 2.25 0.294 - 0.957
14 19 - 2.65 0.379 - 0.937
1.8 2.3 - 3.05 0.425 - 0.925
2.5 3.0 - 3.75 0.471 - 0.914
5.0 55 -6.25 0.530 - 0.898

Table 3.2 Estimates of midship sectign for full ship

4 d 1.667 1.25 1.0 0.714|  0.556 0.4 0.2
0 =100| 141 1.46 1.51 1.60 1.67 1.77 1.97
0 =098 127 1.31 1.36 1.44 1.50 1.59 1.77

IR &R A o SRl dd A= Table 339 Fo1x Wendel®] A2

Table 3.3 Correction ¢, for bilge keel

A d 0 0.05 0.123 0.228
C, s w(%) 0 6.7 19.0 39.5
o] 7] A
Ve 2o 7o
% 5

olt}. Townsine EPAFo2HEH 2(310) 22 33d FAAF 7 FAAE &

& stqdh

Ju=1.02-3(1.2— 1)~ (3.10)
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sted L A3 Table 3400 Aol 3l

%, Kumai, Kim, K. C, #% €50l 34 stddd FAA dste] 324
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Table 3.4 Three dimensional correction factgiX for inertia ellipsoid

L/B 6 7 8 9 10
24 ¥ 0.674 0.723 0.764 0.797 0.825
3" WF 0.564 0.633 0.682 0.723 0.760
44 X 0.513 0.575 0.631 0.659 0.703

S ool AAHA A g9 FUPA AL B #S
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C = El (3.11)
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Table 3.5 7 derived from finitely-long elliptic cylinders.

ij T(mOdLe/; 2 3 4 5 6 7
4.0 0442 | 0375 | 0321 | 0278 | 0245 | 0.219
5.0 0500 | 0.433| 0.376] 0330 0293  0.26
6.0 0547 | 0482 | 0424] 0376 0336 030
1.0 7.0 0589 | 0524 | 0466| 0416 0375  0.34
8.0 0.621 | 0560 | 0503] 0453 0410 037
9.0 0.650 | 0592 | 0.536] 0486 0442  0.40
10.0 0675 | 0620| 0565 0515 0472  0.43
4.0 0526 | 0458 | 0.399] 0351 0311 027
5.0 0585 | 0520| 0460] 0409 0367 033
6.0 0632 | 0571| 0512| 0460 0416 037
2.0 7.0 0.670 | 0612 | 0556| 0504 0460  0.42
8.0 0701 | 0648 | 0593] 0543 0498 045
9.0 0728 | 0678| 0.626] 0577 0532  0.49
10.0 0750 | 0.703| 0.654| 0607 0563  0.52
4.0 0557 | 0490 | 0429] 0378 0337 030
5.0 0.616 | 0553 | 0493| 0441 039 035
3.0 6.0 0.663 | 0.604 | 0.546| 0.493 0448  0.40
7.0 0.698 | 0644 | 0589 0537 0492 045
8.0 0730 | 0680 | 0628 0578 0533 049
4.0 0575 | 0.508| 0448] 0397 0353 031
5.0 0634 | 0571| 0510 0457 0411 037
4.0 6.0 0679 | 0621| 0564| 0510 0465 042
7.0 0715 | 0.663| 0608 0557 0510 047
8.0 0.745 | 0.697 | 0.645] 0596 0551 051

O O £ W N Wi W O W K W O = O NV ©O K U0 = 0O W




21(3.12)9F o] AeojEt

L
R

(3.12)

G=rAG

o171 A4

xr
B
oY

o
il

o
Mo

o

A

jaze)

fn
e

<]

X

ol F4&

X

G0 Aol

bol Blmalzole)

S

af

Aol

A

5%

2

A A 7

3oy,

ol
]

=

Mo
NI

I-AY =

=
=

W dA

ol

)
W

ol

4], Poisson®| &

o

AGAFE W4

bol

Wol BEAdos AEAT o7|dM = 1 712N

ol

A

=

!

o4

ol

(3.13)

J a9

_ &
£=5¢

As)

hya
ar,

Aol E# 2o (girth length)=

1=}
T

o))

oW

ol

(3.14)



-1

A= fﬁa’

(3.15)

A7IM g (9=T1,(HA DA EZHA it Aol vh[13].
et 7, =412 /=1,2,3, )% FdstaL, A@el FeAf 4Ax4
O= My=0< ¥r 2 pro e 155044 g3 g

B A
ACw) = = (3.16)
o
ol gt WAE o]&g BT A dAR 5x EE 6x7A 9 AN TS
FolA AT =&

He @5 7 Jv T oj A uA T Gl oA
A



4 BEF ARSY A4

41 129 255 A4 HAPJEF AMEAH

AEAN dFARel AAaTA Gl O g4 AAANE FH3F wAE
£%, 5 H90 dete] FURE FEG FYRWEL s A ¢ FHE
g 4485 Ak ol ARG AAAY AP AxTAY AFFA FH
HAAY AR Gk DHAFFE W5 GRS, FFE o] AA
Al dole AF AxFaA R g% FAYFOIFOR Aol
4G AgF AN FARTol 48T £ Q7] ARl WAHA Ak FF
o Asgale] o 440G TAL Chertocke AR Aol o Ago
2 AAHom Hicklldlh o8 oz A4 AAAY ABSH S +8
@ 4 Qe HRAny 43 AAPEe 4Ystn 48e Fakol AN2He 4
Fag. @AAAE AAAY AFRAL A A=TFA FAY WGl Lol A
= Hicks’t 398 74274 259340 Agsa 9ov ot Fjel 9lolA
= A 4 50512 ¥ 516] o) Hickssl Mol whet AAAD 39 $ael42
S vk olshel A Hickssl WMol 9@ AAAH A3sEAN P 2
%3 JEd AarA st g8 AAAY AGEE ANPANE 5
HAAY AFAN A QeIM S hRAAAL FA-FE FEAEE FAFAFL}

2 @A ARewA e gol @& lehol

(LI LADH D+ CIH D+ (LA 4l)
+LANAD = (L) + [ M) A D

ANA, (] [C] 2 (&)= 27 AAAY A%, 744 9 gaALen

(a,), (4] % (&)= 4

L

n
oA AR WME L L AT HAHAAY TtaFAY ATl o 77
ek FAZEEHERA oA ArEHE FRAHRET. B =R 9 29
A2 7] YA EEalA (modal analysis)®t 4% Runge-kutta Al 7H2EH &

AFR 3l ZEE e 3 9oy =g g9 UNDEXWHIPS A48 oH17].
4.2 LS-DYNA/USAE o] &3 349 35 AujurA4A

LS-DYNA#Zt= ®E& +x4

o

2 H/H

~

2o nl= LckheedAt7} A AL A

K

olt

el



Shock

USA (Underwater

ol
o

=
-
4

—

b
™

ol

2%

=
=

Analysis)
gy

o))

34 <)

5%

ks

o] &

KN
=

AbE-5 3

1tH18,19]. LS-DYNA/USA

]
PA

jod

el

;0*
.

(4.2)

[A/]Px: [/I//] ”&

[ &1 x

ut u,

(&) LA

[ 4],

(M )+ Clor+ [Alr=— GALLA P)

o] 71 A4

TR
XY

N

BN
]

iy

K

«

—_—

C
4
7K

T

>0

Z
A

AT
USA~

p

.

[e]

Z} A
A}
2=
= =2

S

ol

]t o] B &} USAel A]

At 7pmTA 0

A

o] &
o

=

=

o)

(42)2 Fo]x

LS-DYNA/USA 9]

A
y —
}

o
s

&

]

371 9

)

st LS-DYNA

A SAYBES FE5HaL ©

:[L

S

=
=

P g 2 g E2A

7]

ol
=

Xéi

54

°

5

[¢]

| 7143
S EE

A2t v} (scattered wave) 9]
[e)

sadAe fA A

2F
=

ofp

SER

Fed USAW ol A

S

= °o&

T

H
A4r

5t

°

g

T 75 o A]

A2 RE LS-DYNAo|A thA

=
=

A= o]

7} =) o]

;O.#
~

e
=2

ol
T

oo

1l

Z2ageM= Al

hyA

atm USA

S

71l v T

7o
o

~
;OO

(4.3)

of fA-Txe A

Us

A 4.2)0 A,

=

B 3

=
T

7

bl AR RS
(A2~ v~ )

°

(augmentation)



4

2 4.2)0 A mAFgQd [ G175 TEh7] s A2 FRAY &En
< partitiondte] 1 A3E A(43)o] HYF F FW [4m] e Dt

EEE!

o=

IDAH2DP= o ANATU) CCNt (KD gy
—[DJP/—pclAdu,

ANA - [DA=pd ANMA 1A, (D)=l AN TH] TANA]=A
Aydolth. AT A2 FxA] £EWHA 0] LS-DYNA/USAXL =
el A HAFEreEe APeRe AMHr] AT AFHA Ao do
[171.

43 7t=F A9 AFdY R {FASAHAEH FA

WA 271FA S g £ =

of WY 27FAII AU FA= WASEE

A et o] Z o] A tA e o i
s S

T dHE AT

[e]
FHAAT 2/204e G 2ol FolAH[9]

ol

2 2

~
T

mel ol
ol

a=0

L=

0= @L)[%Z(l o8- é\a+arrLL -O=DE )
57 (Crat 7y )]

=31 %—Cd%+ 157 (307 +a0)]

=3y —=1) L
a(0)=4"" Pl gy
0(0)=0 (4.6)

TL(O) =1,
A0)=0



gl

[>
L U=
=2 2

Table 4.1 Constants of bubble maximum radius andpltsating period
for a few different explosives

TNT HBX-1 Pentolite
A 12.67 14.14 12.88
Ve 4.268 4.761 4.339
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(d) time = 1.7 sec
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Fig. 5.5 Comparison of the whipping displacemerttsyaical time steps according to
3-D analysis models
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Table 5.1 CPU time in 3-D analysis

. CPU time

3-D analysis model (hr/min/sec)
3-D beam model 00/08/16
Coarse finite element model 01/34/41
Fine finite element model 69/27/38

#9, Table 5.10% 37b4 E79 3349 SN EDE ALgsho] 2
SES AisEd 428% CPU A7H2.8Ghz @Y CPUE
)& ARtk Table 51904 m%ol AiMmde A7 A5e Z7tel wel
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