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Abstract

This paper presents the study about the frequency response function of small unmanned underwater
vehicle (UUV) based on the experiment in air condition. As the UUV has been widely used in scientific,
military, and commercial areas, it is also important to gather the information in an underwater environment
for autonomous operation. Only sonar systems that use sound waves can be used in underwater
environments due to the strong attenuation of electromagnetic waves in them. Since the vibration of UUV
is usually transferred through the inner space of UUV body, the transferred vibration can affect the
performance of various sonar systems that equip the UUV such as side-scan sonar or forward-looking
sonar. Therefore, it necessary to predict the effect of the transferred vibration of the UUV for high level
autonomous operation. In this paper, an experimental study was carried out to analyze a vibration feature
of a small real UUV in the air condition using frequency response function and the experimental results
are presented.

Key words : Unmanned underwater vehicle, Frequency response function, Experimental Study, Vibration Sransfer
Function

ofehi= Aol b4 712 Aolekn & 5 )

Al =HUE AA o &lle Sl Hg #Ad & 93 e Bed 9 AR W gn
Abel 2 EEHR gls el FFAS 29 g gns F= sbveEl, GPS(Global position
AL NS Ak 7 e AE 2301 7S ggtem) 53 o] AR7T 7k AH|E ALEE}
71 wWiiel e-olM -8Rl el 2AEE 5 g xur =z s oM = Ae Pm AR

s 7 5

* Corresponding Author: 055-680-1579, aromhwang@koje.ac.kr

- 427 -


https://crossmark.crossref.org/dialog/?doi=10.13000/JFMSE.2022.6.34.3.427&domain=http://english.ksfme.or.kr/&uri_scheme=http:&cm_version=v1.5

(SONAR: SOund Navigation And Ranging)2til &
F otk 2uE £F B4 FA molAd F
km7HA 8] EEAEE T Q= S9HE AR
FomA ARTE AHgat

& geloln A2 ga 4

R
AN WA A &
ek 2gnt 2y 2

e

2 a4 7l delA a4 gt
Askari and Daneshmand(2009)%= Galerkin”| ¥ ©]
_9_6]— H L E/\xﬂ,] Oi/\‘] 7\(1
HE ARFSFAT. Sigrist and Garreau(2007)> <1
e FA-Tx s M S flek Fuk
GANA FF2aHS AE83H99™, Ugurlu and
Ergin(2008)> 958 Tx89 A5 A9

TS A 95t S QAHY AALLA

S Agsty I A9E 8wk th =3 Kim,
et al, (2011a) PFAS 7|Wo 2 ol =] A
< 7Ie Aot AR dH 5 EA A
5 A 546 i A& FasHATE Kim, et

al, 2011b)= 4ol 1 vH A& A4y e =

ol
r1r

Aol s 371 & A 2E BATE o
L23lo] A% JMEE A EAES mlolsieE A
= 3tk Min et al, (2011) GA] 5 24
715 AAE 459 A™MEE o]&% 7T =7
Aol gt A Bkl 54 stetstr] 9
APE Tt Y 4FF Ay 7 F
HrE T 37 T2 HuEs W, F50l
A0 2 FheE T 98E 9989
tt.

Asd 4
-

e A Ao wsbt dAskA HE o

71
= ksl vA sidE RS o w2 ARt
Al = P A

A e 7o s

e %74

o BAste] AHE FAl F2 AF} 9
ol AHE A4 FAREY 848 T
o Aol YAtk F

£
Suj
=
=
o
o
r &
12
=
2
o
f

oty BAR o2 HoH L rh(Jefferys, et
Halevi and Wagner-Nachshoni, 2006).
A 2Ele s 7R sbdgos
HAAeE F =Y
olct.

=

ﬁd
K3
>
g
ok
|
o P“
4y et

2

4

2

x

oy o

o2
ey

o M

=

olo (m
%

=

uf

o

oo

&

)
&

>
offl
>
[

T,
Flo
1>



RIS HHE M Y

Te Az GelNe) AxHoR EAY 5 9
.

Mr(t) + Cr(t) + Kx(t) =y(t)  soreeeeseeeesseeess D

2 (elA x(e AlIRE Gl AIAERE
ZgolH, yi= AF GdollA UIE g o]
oA 7HE = TR Eoelth g A (1)elA M
2 A2®le] A g5 Ao, C 4 A,
KE A2 AleE gujsich 2 (1)l disiA

gk WEe J8std A (9 2 T
oo tfst BAA o7 Wto] 7salt
{j‘/152+Cé+K}X(é) — Y(é) .................... (2)
21 2)9lA X(s)E AlAERAE o th3t 2
Sk WE gold, Y9 YHE & 7Y
of tjgt gtZetx WHE Fs ov]sit)

T o H g Rl Tl 7Y
I A AFAM 29 JE 54 el g &

AR oz A 3)7 o] AoHch

®

FE
Al 2~

Al HIs), H2(s) 25
St} HI (S) T 3H e
dAskE A groll deol ol e
Aol F2 AREsH, H2(s) TIF
A]é%Oﬂ EHUP ‘?Ja %koﬂ Feol w

_,d_>Lo->L~

1t o
N
T
o
.
mr
)
° 2
=
=

E]"HJ“ A

“

| 34 1S

bt oip

m

Aol

=]

density function) ©|™, S, (s)& x()2 A7} A3

EY UL E<F(auto spectrum density function)©]

o},

7% g4 ( oherence function)= F+ A& A}
o8] APAP AEE Yehlle AxEA 7 F3t
T drE xd ]%Eﬂ AE gl &
= ] FAE A5 73 (robustness) S .o
Zt} 7% 4= T oAse 2] AYEHY

S

(auto spectrum)¥@ S AFET (cross spectrum)

O Ut gZo] Arkd

®)

2 5)elA 8, (s)= ynel A7F AFER U
ot dRkA o R Vo 9

AR, 16 A7

X
=

w7 7Asar
A °ﬂf\1 19] 7}%% e

)\

o

=
= %
el
Z ]

T

ry
402 o>
o Hr X ol
O R o R

OHT( oX

J =
j=hn

ool el v

A o7 7|x &+

Al 57}

L e B

% (OKPO 300)= Ol% atof A A

1>ef e
300)9] Aol Adelwo] AA
A Az olste] WA= AE

- 429 -



ot &

& Haga) dadl [Fig 1 AXE e
Mg o] BFel e AHelN A
.

uth oX rlo
_OL
32

- 8
N

2

R o
offf XN i
_0|L
kit
Jju
_?ﬂ,
¥
ko)
41
rO
o
¥

2ood o X 2 @
=2 I
2 -,
v
O
ofN o
o E
o
Bl
i)
ol:o Y,
X rr
o
xe 2
r1r
© @ 2
o

M Mo x
r>~
N
N
o,
2
e
E
;‘;
r-{n rlr
E
do
i)

(m

ol
= o

o] g3t A3 @647\}7} Abgro]7]ell zpA|
am B4 AX7F gt s ks
149 Afow Qs W
eFE Aashan FAREY Fos
2 A sfetao) siel 72 AR
o3 "1 UH" 10 ke HE S E o] &
Pkt Aol Ag-sh A
<Table 2>l 2= ] i}

o,
- o
reohe 2
>
ot
v
0]

oo >
%0,

1

inSL'

2L
juks
2

& 7t

2
>,

2
fu)
o
o
b gt
rlr FUlO

<Table 2> Measurement instruments

[Fig. 1] Overview of OKPO 300 & excitation

- Type Description
points.
Impulse hammer PCB 086C02
<Table 1> Specification of OKPO 300 Accelerometer DYTRAN 3148
o Data acquisition Bensone Fieldpaq
Description hardware I
Vehicle Dimensions (L xD) 1.8 x0.26 m Software Benstone Novian
Hull Material Acrylic = -
2. &gl Znp nH
Weight (in air) 53 ke Awd AR kol 7 sk AgEz A
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[Fig. 4] Magnitude and phase of excitation point 3.
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[Fig. 3] Magnitude and phase of excitation point 2.
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[Fig. 5] Magnitude and phase of excitation point 4.
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[Fig. 6] Average of magnitude and phase of frequency response function under excitation point 1.
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[Fig. 7] Average of magnitude and phase of frequency response function under excitation point 2.
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[Fig. 8] Average of magnitude and phase of frequency response function under excitation point 3.
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[Fig. 9] Average of magnitude and phase of frequency response function under excitation point 4.
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[Fig. 10] Coherence function between force sensor
and accelerometer for all cases.
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