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A study on three-dimensional dynamic analysis of a towing cable
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ABSTRACT
In this study, the configuration and tension of a towing cable for side-scan sonar are predicted in an ambient
flow and at an unsteady towing condition. The governing equation of three-dimensional dynamic analysis for a
flexible cable is solved using a finite difference method. We successfully predict the configuration and tension of
a side-scan sonar and designed the towing system. It is found that the side-scan sonar must be towed to keep a
its stable depth at a reasonable speed. The developed program can be applicable for three-dimensional dynamic

analysis of a towing system for various marine survey instruments.

Key words:
Difference Method

AAY, HHE BE, ﬂ%ﬁﬂ} 59 AEs HE 3
, MFERE, fg=x 2
2 S FFe dFEa oy ‘F"" 3 F2ol g FAH ]
PR I L7 2oy, ALFATIeH AR
o AUEAE 4% Aad Agd #F AAL dE &
71et R e ARl ol # % A FFAL A Bol A1EH
Fa% Y FY FUrt 2EHFAISEY
(side-scan sonar)2A] A HE] I Fg LIFAA

* Corresponding author: Dongho Jung
Tel: 051-410-4088, Fax: (051-404-3035
E-mail: nocturn3@hanmail.net

Towing Cable, Side-scan Sonar, Marine Survey Instruments, Three—-dimensional Dynamic Analysis, Finite

(sono-graph)& A F3tH, H A& H L3 HASE A
311?‘17‘]_ 24 9 FEEAE R dE AMSEHI gl
T, oj2] g dIAIAd g FEs AFHHLE &
Fo] Ao Al2"le] <HAEA, 284 2 BAA
AA - Fasoh(tIY
o] dRIEE, dAAE Y, AL
gAbgu o] AE 58 AESA 4 g8
AA 2 oo HF A2 ROVA 28 o)A
3} 01’7"“ olBe T8% FRaAE FRaEd, ol
TZEANRE AolEe] W HEFe Tz Filo
I AR E FHdlodor S AIEA AY S, 1993 &
4% 54, 199).

N
Rl
ON
[

O

2 o fo uS,’.’.r
e
£t

ofk X

%0
_\1
éxa

ox J

HON > 2 ot o2

-117-



AFE -8y

< 498 JHA 2 BRE 4 o By =
7 HE 4 A
o @] A
% 2 7}x] ko] dis 22 A3t 2
gk} (Irvine, 1981; Hong and Hong, 1997).
A48 AYAEY e dojges T 4
57l Nt e AdAd id 2 b AolEe
oz Q3 21 ATV v &g n gtk AFHE
A T4 FHol AX FERy & AS £ ¥
% 293 arig FAS A5 LASA @k
g YA Eo] LA = ATEAE RAEEFY &
AAo) B HAA AFH FE, TASS (Towed Array
Sonar System)d] FHREHFEE, 1812 AFEFA wied
ol Fom 1 AU} Bt 53], dUdFq sfFAE
e £E&F< dodxgte] dAFeoz HAFHA
uE dos d REOA AZE @4}l

)

oN

=

Sl
>
o
)
tjo

T W A )
o
HJo

o ok o
o
R

17 AolE Ao ANt oz FAHAL
AolE HH M F8g ngy
Aol B Edgo| o} tlmygol
HWHE S 7)EEy udgE £
AR AF vy JEE FIEH
Al nHEol g} olEFT EAeE
B g3t d3e n3E Ao B H
o]t} Leonard (1972)& <9 Aol
ANASIAA N Loz HFY AolEY &
g 383 2 Fo Sanders (1982),

ol
X,
o
2
Y
&

>
T
2 e)
o -
- N
L 3o
ﬂ'{ojﬁ

X

[o3

i

[T
N,
= rn', :‘0
2 {"ﬂ‘

L
o
[o o g

b
4

o
2
NN

2 % o |o0 ot o O oif

Ko
e
o
2

i
o
)
re,
M
2 iy

g Ho 2AH oz AFe] A=A 53], Gobt et al.
(1997)& AZAY YAl Bl 2% )& T3l HFY
AL g Aol g, AFE AolE, tFiols AolE B
gdd TAE AT F U T2aPE AL

2 dTodA e SFEAAEE dUdste ddA ol Bl
e 3x-d FHANE FR57] AN FERAERE F
230, wjdE e T 90N FE-EE
£, Add Z2ayge gy gaxgy 4¢
2 oA B FF Fo] WE gaAolEY #
AAYAE zhetsinat o)

&
X

o
I

B
H

P
S
i)

b

2. Xjujl b A

Fig. 1& #HAFEA #AE JveliedH, IEFEAE
Ln, b2 BAEY, AARXEA: X, Y, 728 EIS
o B dFdA bEYE £93E FAS9

Aol &9 a6 s AujgAgae Hegddy HFS

-118-

(2002)8 FastHo otdfe] H& vagse] FHHF
A fin, b BAA 2AS AL

s=0

Fig. 1. Coordinate systems.
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Fig. 2. General configuration for towing cable.

Table 1. Input Data

Water Depth (m) 100
Water Density (kg/m’) 1025
Cable Diameter (m) 0.01
Cable Effective Weight (N/m) 10
Cable Length (m) 150
Cable Elastic Modulus ( N/m?) 6.5E7
Current velocity (m/s) 0
Turning rate (°/sec) 0514
300
Tow Fish Effective Weight (N) 600
900
15
Tow Speed (m/s) 25
35
2000
T L3 V=1.5 (mi/s)
—- B v=25(mis) o
=3 ] @® Vv=35(ms)
E
E 1600 — o
8 o
& o
: i
.5 °© o
g 1200 - .
a 1 a
™
800 S RS S S B
300 500 700 900
Tow fish weight (N)

Fig. 3. Static tension for different towing speeds at the top
point.
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Fig. 4. Static configuration of towed cable for different towing
speeds and fish weights.
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Fig. 5. Snapshot in XY and XZ plains ( V=25 m/s, Wtf
=000N).
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