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A Study on Numerical Simulation for Dynamic Analysis
of Towed Low-Tension Cable with Nonuniform Characteristics
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Abstract

Low-tension cables have been increasingly used in recent ycars due to deep sea developments and the advent of
synthetic cables. In the case of low tension cables, large displacements may happen due to relatively small restoring forces
of tension and thus the effects of fluid and geometric non linearitics become predominant. In this study, three dimensional
(3-D) dynamic behavior of a towed low-tension cable with non-uniform characteristics is numerically analyzed by
considering fluid and geometric non-linearities and bending stiffness. A Fortran program is developed by employing a finite
difference method. In the algorithm, an implicit time integration and Newton Raphson iteration are adopted. For the
calculation of huge size of matrices, block tri diagonal matrix method is applied, which is much faster than the well known
(auss Jordan method in two point boundary value problems. Some case studies are carried out and the results of numerical
simulations are compared with a in-house program of WHOI Cable with good agreements.

Keywords - low tension cable, finite difference method, dynamic behaviour analysis, towed array sonar system, newton
raphson method

1. M 2 & HlEste dgFTFREC|Y SRS A8 AR
ROVe gl 2 Aoz FFA, A 04]011\1
sl FA ol B el el thaFet FollA Fod 7z agla PARE dI9lSEACl B(TASS, Towed Array Sonar
8424 HEHa vt sigA ol g FAAd A& A} System) 3 #o] 1 A& A7t Y1 thatsirl,
& AuE, SAte] PREN AFradd iAol & FAl ol H &3] ’E}?'IQ] Azl wel naE Aol &

oAzt ddE Y - SR gty g ad T e co] write] el EES 20034 68 30¥74R E shale] By
M3h 051-410-4937: Fax: 051-404-3538 AW 2003 993l 1 ARE AAstAgyc)

E-mail: nocturn3@hanmail.net

oM TEEeE =24 M6 M12:2003.3



279 BHg 2 AR dlAClEe 4N AT A

N

AR AolEE U F
T Ad ¢48 @Al V0

A3 Aol B daHe FNFos Zefd A+
g7] Asged Al g 2 s AdzE 2
7 E Aol B TRz Qg 1 A7t uS e A
o A4E BAe 53 A= 4 FYEo E A+ &
v BExstEy 2 Asie fAke 73%01] 331
Aot AR g0 Eo] T E A
& A Al o] £
g FAolg9 st
I o7} gk 53

o]l =
AT

Eﬂ 1744 Aol gl #F

L

ol A HE
X4 Aol ge

g 98 J4Ee

(]

_L..
N
-k
N
i
Jm
o,
rlo
o
r)4
ofl
oX
o,
Rl
2
[
e, 1o

‘e:lo]

_gh

& .
L T oog X

> x odo
L R
oL

fr %

o

e
fo
:c!)|=|s
1%
R

aesfol gk, A AolEe

4 A Ja FA oA AgEHErt w2t
olct. AHolBoA gk °ﬂ‘—11] %ﬂ"’a‘—.El‘— VTl ¥
sted o] A9 d(zero) 2l E o 93t
oAz Age| E7kssin, o

7)i% ’“74 oz Fo|i
(singularity) BAZ SPA T wehA A3 AlE
oA Eold BAE sldsy] Yside 58724 (bending

stiffness) AE-S T3t sfAsfof gk, WAoo ® 1
28 FAolg AddME FILEE FASAT, AFY
Aol Bl F3AA Aol FAA A Fad A
Bo| glmg o] JE-& nstA €t

ARAY Aol Lo Y AT gy Ao|do vla| 4
Aoz A%o|th Leonard®s &8 AolBd dg &

AL SFstHA Aoz A4 AolEe %‘E‘, ShA1Q1 Al
2 32jgth. 7 3o Ablow and Schechter,” 8
Triantafyllou and Howell'?
g B} B4 oz HFsr] AR
1250 2924 ngad 20|89 3
T3 Jung et al.'’?E &
Sato] A4 A

Sanders,

Dowing,_g) o] AAH

Al ze

11
=

2
L # g
}0

S
a’é.\?.:oxé

offl
)
o glo o

2 oo |

=2

9 o
ol
i}
patd
o
_E

2
nle
2

4

N

(o]
L9 e
>

3 =
oo o 2 4

1]
—

-

2

=, AP

o oo R rugz (Tt o b

A
'_|'—|

2,

bl

op
ol
o

o%
>,

ol

P o N, Py
=
B =

fo

oo

hy

o
R otr ot 10 ox
N

2
e
9
2
rie
_>.i
:4
&
Ai‘
1
2
N
Y

_);1_4,
2
oX o
o
e ofo
o, r_?\J
0 &t
o,
rsL'
O
:°.‘=
'
=1
T,

o
=y
=
]
c+
5
e}
9;
=

e

e

oo N

H.O
Zﬂ]'ﬂ:'\:'

ol A /\]7& 74]“«1 274

(1mp11c1t method)
s

go dlo
T ox o
O D VA < R R ()

m oS

ANE A e @5} 74]401 7}%23}
Zo|y & AHg-stazt gt
dAs e E4A7F 9 A
o Hd AgHNE T ﬂl"la
Holla dAE FAAA &
AolE 54X 9] Hge AHR
WHOI(Woods Hole Oceanography Instltute)

—
>
w0
wn

ol
fr

%% E 4w

%
a7

AN AA AEete] Al Aol os) PAE WHOI
Cable Z2a3'Pe] AATe} vlm % HEFT]

2. X|HHE A

dAZQ Aol dolaute] WapMslR <l 334
Tl BA ASS o 3349 B4 AL
s@she ol Fasit}. offdE AuwEAE FHst
o 223 #HA 9 olE ngoz 3 AolE 240 W
& 339 B4 A e 2ARY

2.1 1A B9

Aolge] XM E Aol aid FRHAE FHHEA
9} Fidol 1Y AAHFAR e 2@l Z(Eulerian
angles) 9 F9E o83t F HFA F& WAE 2%
gk o) dubdelth B AFelAe FRARA (¢ n,0)

o AARFEAEZ (X,Y,2)E Fig. 18 Zo] B8t
T HEA Alole WEe ody ZHE o] &3dlo] U
o Aol B ¢ %341 Mek( ¢ hah) el HEE ARE o
HbR o2 FASER 15 FAoR He A &
%J:ﬁ}. w2y F e FA 7 ¢ 08 AHEdt] HEA
s st
F FEA N tig BEAe 2 (1)3 2o] vehd < Sith



Fig. 1 Coordinate systems
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