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ABSTRACT

Towed array sensors are degraded by strumming vibrations and tow noise, thereby reducing the

signal-to-noise ratio (SNR). To address this concern, Vibration Isolation Modules (VIM) using viscoelastic

ropes are applied. In this study, we quantitatively evaluated their vibration isolation performance and

validated FEM simulations through controlled vibration tests. We applied viscoelastic properties measured

by DMA to an FEM model for longitudinal dynamic behavior prediction. We converted input and
output accelerations into Vibration Acceleration Level (VAL), and calculated the VAL Difference for

comparison. The results were in good agreement between FEM and experiments, confirming the

validity of the simulation and providing useful data for VIM optimization.
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Fig.1 Towed array sonar configuration

Trans. Korean Soc. Noise Vib. Eng., 36(1) : 44~53, 2026 | 45



Tae Won Seo et al.; Longitudinal Vibration Response Characteristics Analysis of a Viscoelastic Material Rope of ...

T AAE o]FolA glom, o5 WF 7H A™
o A=A &8l ATy =2 g
-1 point 13} point 201] WEEAE 7 B
ey o] Tk JEel oigk XNE 24 A
B7reth £ 7SR 411"17} TR fAe
ZZ I (tension rope)= T& YA (manual winch)E
sl A4S steom itk
o71M, ey m2o U UE SH
SHA R Hrtsly] 9, e
23Xz Ao A ke A B A
aLgfato] 417 V’ﬂ‘:} T3 FEAX

L
o o

o} o]Z Ql&] BHAEE 4= 9l QAT I Zo]
F 57t 2 Hastslr] HlH 2
stk 2 A3} PE(polyethylene) 22X & A=
ARtk

7} 414 PCB Piezotronics INCAFS] ICP
Accelerometer 225 ARE-SIQITE AF1} X 7
A= MTSAHY] 244G2 )& 2Esqlnh o] %
Hle] 7kl Fu4 WelE 1 Hz~ 100 HzolH, 713
7HEE A7) WSS £150 mysPolTh. o] =ie] XIE
7 AR @E e g s A 5
Rekr 2Asha she ey =
e 7R Fare] Q&Y SRR

]
11:!]1: 2

s rlmgﬁﬁrﬂﬁoﬂJ
N, o
£
oX,
fil
=
N ~ l-‘
>
o
, 1o
)
Ac)
»
[\]
é
et
O{N'
)
ol
Jﬂ

fu

offt o?i’.,
Wi ﬂ.llO

O_|.4
24
rob L -ilN'

to 3y i

e
o2

Low-frequency

vibration generator Viscoelastic rope

A i -
= o O
- -
Point1 Point2
(Input acceleration)

5, A ()3 o] 7HEE AlA tﬂOlE
T 7SR dEUVAL)Z 4 & VAL #olE ALt
aF3th VAL #bol= /=9 7HEEe] vE ofv]s)
o, %9 dBolth

F3he 2

VAL = 2010g( Z )
(1)

o 7}—5? %k, Fig 2«] point 1
THEEAgkO)AL, o5 FEY 7ROl Fig. 29
point 2 7} A gho T,

s 71 A e] 7Hegk S-S Fig. 33 2ol
MTSZHle]l WeHo de TIPS
/=8 7] 7S AA A ARt tE e
&, Fotel dig 7}*55% %% ‘;-l ghatato] 7l
T A A4S A
5Hz= 7H8S UJM oﬂ/‘l *1 i}UdOlE}. Fig. 3(a)
a#EE AR g ke 2k
Al Y& 98 270l e Wy Asg, e
HA(l: Y2)& Y8R st& el Asgh BEa A
(2: Y2)& &85 7= Asgelth Fig 3(a)
ggzs vy np JAen ok MEo g ol b
S AT F Q) ol 7P WE-9 seal vf

dlo

i
i

Tension rope

I Manual winch

(Output acceleration)

Fig. 2 Vibration isolation test configuration

46 | Trans. Korean Soc. Noise Vib. Eng., 36(1) : 44~53, 2026




Tae Won Seo et al.; Longitudinal Vibration Response Characteristics Analysis of a Viscoelastic Material Rope of ...

2} G0k x| 2d"o) 93t gsFor
‘?_}%‘:P. Fig. 3(b)’1:_‘ Fig. 3(a) 2 ZE F350 o
: o2 Wae azolrl, vyl A
(1: YZ)% °‘é‘l‘i~ THEEAY AEgh, EE A
74 AIe] AEgkelt) Fig. 3(b)
H B ‘Zl"’]"l‘(s Hz)ellA 7Hd 2 }
T el A= R

Channel Sgral

400000 (af
200000
o £
)
id
200000
-40000.0 K
05
Time (Sec)
(a) Time domain response
Channel Signal Unit Y Maximum Y Minimum
11 W-ffon o = | 10000
1v2 B |fon 1 Ao = = [
271 B [[othen lor s | H| s
2:12 Ml |-|[others e ] || 10000 ][
Plt Mode: [Freauency v || [Ampitude 5] Samping Rate ITE

dX: 0 dY-06624 dY/dX N/A 1/dX N/A 10
[5 Hz, 1.519my/s7 [5 Hz, 2182 m/s] 0.000 T

j lk\ﬂ I L] W o

0 %0 500 %0 1000

- spmduwy

(b) Acceleration spectrum

Fig.3 Acceleration graph for time, frequency

Table 1 Test conditions of vibration

Tensile load [N] Frequency [Hz] | Accelration [m/s’]

245 5~ 60 2,6

ARES NET FAT 5 A
A% 7k AR AR 2

A2 7HEE [ms?], s
28tk Table 13+ 3+
o] 2m/s’¥ 6 m/s*Z7A0N A, sine tapered WO T
F3} 5Hz~ 60 Hz7MA 5 Hz B2 F952 &

7h 7H 2138 A, ek o9l Aujd
AA7E dll Al A HE S 2Aler] 94
ol;ﬁz‘;} o]xol 19,_;(]7]. 7].%3} = %j]% /\}%*8]-04

245N9| I 21& A&k

A8 A3h= Fig. 49 Hor] 10 Hzol A 37 @4
3 A Aol FEHE S E 5 STk ole
oA A ‘*“194 A 2peks 913 A Al 9lof
A aEsfops s Tad Fitolth MFo] SHH=
T WA FoEd el At Zojof 8]
woll, &staA} sh Alagd] A 2xo] 4
A, A%, A 58 A SF 7S Aok

AVAL(dB)

20}

=251

-30

0 10 20 30 40 50 60
Frequency(Hz)

Fig. 4 Vibration isolation test result

Fig.5 DMA equipment and test specimens
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Table 4 Comparison of the frequency ratio

FEM
Accelration [m/s*] 2 6 2 6
Resonant frequency [f,, Hz] 10 10 10.178 10.178
Excitation frequency [f, Hz] 13.278 13.205 14.830 14.830
f
7" 1.328 1.321 1.457 1.457
Critical frequency ratio error rate [%] 6.112 6.629 3.027 3.027
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