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Transfer Function of Structure-borne Noise to Underwater

Radiated Noise
Jae-Seung Kim, Hyun-Sil Kim, Sang-Ryul Kim

ABSTRACT

A comparison between theoretical and measured transfer function, which relates
structure-borne noise source level to underwater radiated noise, of a naval ship is
presented in this study. Transfer functions are obtained by dividing far field underwater
noise by the value of structure borne noise source levels below machinery mounts. In
prediction, statistical energy analysis of the whole ship structure is used to get vibration
levels of wetted hull plates below water line. Then, far field radiated noise is calculated
by summing up contributions from each plates using vibration levels and radiation
efficiencies. And 1/3-octave band underwater sound pressure at the distance of 1 m away
from the hull were measured to get experimental transfer functions. The two transfer
functions are compared to show resonable agreements in spite of the subtle physical
differences between each other.

LM 2 seo] g zda

Qeold SEeALEe BAe FF A4
anel ol cuasse de sag g SEE SSWAS A @A RN
SO T was) wx s 2z Awe A4 98T,

$A%e ABA A ol g olgE WA 5 Lo o o TN o
FAA S £F9 BEE WA AL Qi oo TEE TFEE AFAAE TIuL
WEe £2338 BA%E Aunzgel gug o ooo HEEE AAwL slh, S, 22
bl A LI LEE RIS LI PRI R

piLag= i i T -, 34 ©

ne Ao LA LAl o o e FETALES B 99 Agad. o W,
AT ! =AhE = = T = “ - J-_ o
¥ oolig me Ape BARE s g o0 _oC WHASE AN W E7% 3

2 © 5 - >
) g e ol Gan ma g TAE AT 2EE WANAT FAA A5t
T As3 g A7 ¥ A FEPL

2o QU8 AT AT

* 27| ADTY eRATLIE duty oz wrgAdAZ mEEAR ¥ ¥k

- 138 -



=
i o
r

7213 el
= dol HE 388 8

¥ ERIAL olg e 2
SR £FPALE AZARE
AsziE 7t Aule TAL AF FFPAL
& A2YFE 2AHGT. SA, oy :
A Sug AE guel FFPARLG AZH u

2% A%e $Eaqu

FEUALAL Y Ag9e mZazdYo 2851
A% G gAY AN LANA AAsE 7]
Axgos hrol 448 + U oE 4 28
AEL Fig. 13 22 328 AA FFd 288
i R =
Propeller Machineries

l
| |
Structure-borne | { Airborne
Noise Noise
|
Foundation
Path C
Path B Wetted Hull {Path D
Plates Path E
Path A Radiation

Underwater Radiated Noise

Figl 384889 B472

aYgd A Path Ax Aulglo]ld &5 5 224

go] &l FFoAM AP BAE 4 g

Path B& Z 287} @8 AFAI L o254 H

A FF0E Ao WA YRS

Path C¢ De 4z FulERE HAF

3 T7Igol AATRE B3 AA
£ Z2% Jegdt Path Ex 71843 o

& ZARQ ool sifet Hi ddwoz olFojzl
AAe 2§ 9BE FHIe F£Foz Hiy
= QRS BN orlcAE olde o8 71A
FE5Ae LARZ F 28NN Fedoz A
g Aule] nAS AE o3 FEU Path Col
A A o

22 sHsY de JFud

FEHAEEY AAA ol HE A
Fade SAFHANAAHYHSEAE 0|88 4
$ AAdLEH A FAC Loj. & dH
ME SEAE o] &3 Z=2a¥< ‘NASS'& AH&3)

Arhil] Fig. 28 2 #Ad A8 SEARZ9
AAR 9o BEg BoFa Uk
NASS' 25 <& F As T8 939

AFeWe 315H2E 8000Hz9 LElnwi=d 1
AL e sExadA(dB re 10° m/secH)EA
o] e U FFLALLS Al o) gHUT

Fig. 2 AAF}A & SEARY

-139-



23 dHe SIS

dg FFl =28 9w AFYde] oA

W ojz¥E AgABol WARE FFINLE
e ohg BANA o3 EdE

W= 6pcAd*> (1)

Ou = SRINEE
o = 3d%9 WE (1,025 kg/m)
¢ = #AFAM &4 (1,500 m/sec)
A - A% 989 94 )
P> = HY due BRAFEE
o gHE ZE3 wWolx gAY ¢
BrE s F7ho) stz dddoa 7R, 9

b, 4 (D2 ¥4 2FEY s 1 m Dol
FoA Y &g 2"EYAgAE AFEYsH 4 (2
st} o] ddol T FAHY FFRAALZTLR
dEHE 3o s3I
L,= L, + 10logA + 10log 0,0y —
logf + 121 (2)
2 L, = #3%A LS 29EY 44
(dB re 1 pPa, 1m, 1Hz)

L, = 7t4% #@4(dB re 10° m/sec’)
f = 34F34Hz)
oAl 2)4 & olg3td FFd =28 N W

9 °?Ml%ﬂ-°4 o Q*Wi-'?-lﬂ T3 AA9 F
FuAA S ddEe gA 9o @, @4& SEE
W Po}al Y@t EY, (2)*-1011%1 +394
£29¢ 29EY 982 EIY olfE ABFe
2 FFHALLS AlZo] 1/38EH W= Y5
BR 2% AXAASIHY Had Fe G AR
o2 Ex¢9e Ag ulid £old FHol U7
o)},

8, A (20 B SIWAEEH FIAE

Zd A A3 #o B9 F1EH 21 A

£2Z4 10log0e)® #FoE T3 2 494
Altsl Ut

1010g 0rg = 10log (mV B/ A ) — T8,

r

KA

10log 6.4 = (50/3) log (47/ fp) +

W0log (mV B/An) =18,  fi{f<{f
10108 6g = 50log (£/16000) —10,  fo <F<fy
10logoq = —10, »h
&, m: EAUE(kgim? )
B: 33844 (Nm)
we FAEA(m® )
fo=T000mV BAo) "%, £=0.25,

fr=2f, f;=16000 Hz

o] HAIRAE oJ¥A A=t wat W
AHE&C] 2EAA Hed B =2diae d4A
Z2d ZAE g2 AFEE Fudto A 71E
71e 49 A& o] 83ts WAIEA S SEA 34 A
AAY B AAE IgI o83t A% FA
g ZAgsly dg ¥ 2L PAEES AMRE
At

yd
S

d8

g & & & 8

315 63 126 250 500 1k 2k 4k 8k
Hz

Fig. 3 AA e Ae PARE

3. Hetsis ulm

FE3PAaEs Ade RE P s F
Aol sqeta 2 AN Fuldl el FYHL
2 A45W ANz Bol 298t W ojg
A 8% ARE AL 4 Ak AE B, 2
Au)7h AN FFPAEE) vAE AER
AA HoHE £ AL B ope A FEY &3
4 AYZ AT T A 22A8L oA

i

A d

- 140 -



YA guk 2 AGd £ g, ArldAE o

o e ZHY Uz Ad B H4zBe -
AT AW o138 2399 A ol 9F * .
o sEUALG] HBRSE T o) @ * & T
v 10 dB
HAFAA =83 overside 2 A&7 vl 4 : -
g 2w B gt ) " -
Fuz AF F£EUNLE A4S Aol
q%q %0) E%% ')]: 95)\1:}. ) 25 50 100 200 400 80O 1600 3150 6300

Center Frequency, Hz

(a) Diesel Generator

@, TF : 3l 3L deds
E

L, #3%hag 57 29

L, : 48 at&E 3R] SEpEE A

2 #% (dB re 10° m/secd

Transter Functon

@9, A% 2ol AN AUWFE 4A &3

$u e Al ekl old Fash wad

7% 5 2 2890 YoBR AZe) By

G oolg Y AAMo B AFAHE A4A T Tk T
Ze oWAelE £34% A% ARE A8 (b) Pump A

o}

=

SHAIE AEASE M AT SIS ‘
gol WAL dBE Wetay] @ AZes A IR RN o = 7
of Hurg Aelold ARFNE LA FuE
FRN £F34E AZo| ool o o, &
Fag AZd Agst solzzEy AAE
M7 A ZAdol A 1 m GojF xol
AANR W Aule 28R due S A o
SE pold A2E AEE A0 Agaar i "W

2H wyel oa AL £FUALSS UA

Transfer Function

{(c) Pump B
g 2gozE FLUS Mg oY 1
m "ol EeIMe AUz BT Ao A - =
AzRE 1m 2o RN AZG ewrel=a T .
&3 U UM AYE ohiu FFPArES ] -
AAue) Age BAsE do) dEgz o 3 -
w7k g Zelch - .
Fig. 4= Qo4 3@ euael= A% Zts} -
SEASINl 9% 4Z2AnE WAl HEF 5 5w wm m w m e w ww
Uy mzgule gated wm@ Rolch LA Ter——"
Y, T 2ol 92 noiE FI8A @ (d) Refrigeration Plant
SolE BPsta ALt wuy FEHA o
Astn Y& 4 5 doh E=F, LAS AA Fig. 4 Ag g+ v

- 141 -



A7 ddd ez vl vl&f A ¥ =
ol d3lde Y33 AFS F31 UL S BHF
Ao a8y, JEr)e 7§-r°ﬂv‘:— Az 4]
d & 2A4E Roln Ut} oYY AHE =¥
b ol fFY e %%714 259 wdo] Yo}
&9 FFe] A YEhd Aoz AU}

A I T

Wi
o},

4.8 =2

E =EolAE SEAY 4gd4 FRE o4
FEPALE AN A E Avnd o) Ak 1
2599 FFPET dedsE

o] 2% 449 omnqC’*gmiﬂ
'mmaﬁ&xm$-4 5o Aol WS fAbe
A dehdn g By 4ug dujdd %

AP Aolo] Hol7t AT AL ]
28 P4 nolxw Urke AL JuetA B
W OAME olsh 2o 2%E AL 49 B
st 28 ANsT Utk

FFPNLE AL FAAA ol8H Adny
T 284 4 g
1 4459 g 22,
ol-&% o]&F A vlg
g FRPstd o ARt
23} Holz: SEA9 44
o FF AAAE ZHREg w
A7t olFlA AL SEAE 5
o otF #F&3tA AMEE £ Udg A
3 Y

FHALS AA AR 2gHdd g
ghoz FagozA 2 a9 719
Helo] w2 odgs &4

0
>
i)
)

2 % ®oe o

oo
¥
¥
;9, rlr

o 2= of ok of ao rir X

2 M o ob S one M
o o K

~ —
)
-~

o o
.

E

B

Lo
4

zz”
32
2

ooy

¥ i
yo i

N
4L
o

4 do

2, "SEAd] &%
a“ 2eAEREY

{21 S. Uchida, Y. Yamada, K. Hattori, and K.
Nakamachi, “Prediction of Underwater Noise
Radiated from Ship’s Hull”, Bulletine of the
Society of Naval Architecture of Japan No. 686,
1986.

- 142 -



