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Similarity Laws for the Scale Model in Underwater Acoustic
Environment

Young-Dae Shin, Jea-Soo Kim
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Simee the acoustic scattering phenomenon from an underwater structure is very complicated,
experimental methods are often used o understand the scattered echoes. In this thesis, the
similarity laws for the scaled underwater target are studied based on the equations of motion,
and tested by numerical experiment.

In order to derived the similarity laws, the equations of motion for the bar, plate are
non dimensionalized, and the important non- dimensional numbers are identified. Among various
materials, aluminum turns out o be most suitable for the scaled target which simulates the
submerged steel structure. The similarity laws are tested for the different geometry such as
stiffened plates through FDM (Finite Difference Method). The results of numerical experiments
show that the similarity laws based on the equations of moton for the simple shapes are
reasonable for the cases tested.
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1. A =

Fz2gHe 1&3 ARAH BE FA wE AT FHYAE A 2P TF
Y o8 E(active detection algorithm)e] AA/Ade] E+HY EHUF JYUE
(target-scattered echo signal)d EA4E& 713 %% FEAHAE A E D(target signal
simulation model)8] 7Nz o] & o] &¥ EAHAFEY FA(target motion analysis)F el 7]
BRog Q7= B39 723 EAL wdsts ¥4 AIAHR Y5 oAl UFH
Atk £ZFoA EAM A% £FL8e] AT dste] e P4 HH A
AN A HE F/E AT, A4 FH Ao AARAH} 2o & EH
9 Aol BRsd MY e £AHYU Wwios AdHA @4 AP A/ S0
Aol Brlgsnz, A8 Wi Wol AMgsn Utk AEAHA HHF F4& E¥R
A AP AYPEAEL 2E3Y fAAF WeHon sutde EFHAAAE AAT
7] B EHAZY EHU F4 A7 de o]&H1 Ut

22 RYEA AYE YA E A BAF H2 ZYPFHY S A FARAE
stebsta, 2 &30 FANE RAS] 8 2o 24L& Folof @

B dF9 Ex3E 4388 37 (underwater acoustic environment)dtell A 4 FH 3}
2349 GAAE JMAE 22 ZEEA AFZE A8 AL 34 FEFEAA
of Agstsd o, E£E o9 HAF L AT FANAE L AT

249 Aol o A HAF 22 TYFH NI JAwA £4E 3o F
A BEA AF D 0T FHAPRE A5 A& A2 VdEH.

22 RoEAHe os dojz A AZAHEE LA SFEAAA ALE AT
off-line simulation & on-line simulation(HILS, Hardware In the Loop Simulation)ell 4]
FAANE HYFAR o]LE 4 gon, MAAL MFAP AYsrd 2 A¥AH 4§
A, TMA(Target Motion Analysis), &% —’?*-‘?"r(target classification), 24 Al(sonar
system)®] A 2 H%Hrl SV FUE B AT Bod &80 sHEd)

ek

2. ¥3Y @AFAA o 2L PR FAEH

22 RYTA AFZA A XFH AZEAS FFEA BAE] A4 FH G
227} obd AAPEH og 242RY AFo|E HYo] MHojof JEE TFWAHY
dod AAEE FEPHL olgdtd SFuiAUY w5 UA A (wave equation)?] AL

fEsgon, 9 Heo 72E, = 2oi(beam)st H(plate)d] 735l S0
@LH“'HH—J AAZAE =AY
<& d W9 2% (acoustic pressure)d] thd 33+ HFWAHA L thEFH A
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uj g o} wkAbE (radiating surface)oﬂ el eqte e 2HL wEw

dP(R) 3* W Ry)

T | =g = 0w’ W Ry) (2)
WAl o] Wt e 7&} T2 MR vt F 5 QT

T S W «_n P

=LV, t =uwl, W———L,n L’P B

o 7)ol 4. Lo AN (radiating surface) ] 21o), Pt P constant reference value,
W radial displacement component, n'normal displacement component,
Ry 1 acoustic source point, R, ! position vector
Al W ggetd, Ae G gol i,

ﬁvtzpt z) 22 d P %P -0 3)

AU e 2
or" _ o'l o,
on' P
Mnsl, B RYe] £2AE 1R AT
&) 'LQ(dC()u%K model o] A3= 9] 5 Z7o] Himal grErjojop s A(9)= FY
b osful Ao A zlolgf a4l wbHl Al ES vbER D, A (1002 (98] 7o) ¥
A eqbo]l AHGEE YEhdvh
27 vl A (uniform cross section) AS 7= Ao gk w7 xFAel 4
14w ebAua vbje] ewkel 2 (longitudinal vibration of elastic bar)® &%
A[2)e vhe v gom AalxEe w1y Zuh

dulx,t) o 0'ulx.)  ai(x,HL
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; = 5)
ox* E ¢ EA (
(1/’3 vl el vhel R AAIR7IY M A<l ¢l(linear load: | N/m} )

ADel 208wy Faes S4(e=| L)n wed Use ¥ & Ak

@0 z7l0] wrEdiy rx¥ el 94 Agaor §& & F Utk

(o] s

olim A thAguld virfe] kel ﬂ“—(ﬂe)xural vibration of elastic bar)e] & %934
2 Ul {_l_— o, A ARZE7IS 3R1FF EvH3)

N’W_pA W _ 4w (1) ©)

ot | EI 3 EI ’

o]
i_(‘é"%“ﬂ X (uniform cross section) AS 7FA+= 7hE50 71 iyt xS4del sAlAdol
L=
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A7)l A, F : We Edd 718A = AF 85 , [ ! area moment of inertia

4199 2A¢ RE Fohss Zﬂé(%) 9 22497 (radius of gyration :r=\g”>

3 Bl Y& ¢ 4 gor, 4O% AN 2Ao| ¥EHAGA L =constd & &

F A

oke wA wld W(thin elastic plate)?] £W¥ 25 (Longitudinal Vibration)*| 3-&
e AxHoz woje FHgAFY A o oy, B FE AH8S
(volume element)®] $HW& $20] AFH2Z Young’'s modulus E¥ Poisson's ratio
factordl (1— v %)= thro] Fojol @k

B ot Zo] & & U [4].

gilg — p(l;jvz) %2;—*_ ntb(;—;z) 7

o714, h: #e T4, b: B Yol

A71H, g AA W& (tangential load : | N/m® | )2 o] Edo] gah:
ol g/ B AFAAR 43 ABAQA Ylinear load: | N/m| )o)Th.

798 F7 hg 7HAE @A md Helastic plate)d] 4% FHF -5 (Flexural
Vibration)A] €% WA4L &y gon FA=AL FH1d Zo4]

Soad] 9 o &
i*’%‘ ——C‘C’% 9) _P‘UEZ‘_LZ 11 MﬁEt.Lzl 17
5 » 2
W q, L g L(1—v°)
7}1%} AA | oL’ A 2 — g (8
zZ7 =10 F g, (1— v
EA (13) —'W-—— (19)
274 2r 41 . 2
15 AL (1) Lol v ()
ﬂlﬂ (4 ngLa(l— Y 2)
uf{g: _;‘l_a Eh3 (21)
i ‘13
}—ﬁ FLZ Eh3
“EI 16) v (23)
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En* ar Jo %

m: dgdeld mlE | ¢ welZeld W ¥ (shear force)

o 9, o 2
by 0012 (A= v®) 8°W__ dn'l2 (1—v7) ®)
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wpolel 9 Aol wa ool Fany ARA GAEAE eew, Fage

1
i o Lo, N0 e 24 'a 2 re

hol 7] uk] il & 2 < FA (radius of gvration)o] %!
o] ¢} wldigks 9 40 olul ANIS A Aol Ky vhinAd gy walor )
.o A Ay E2ubeF S-Sx(Jongitudinal sound velocity}o ] '{:}O}OF gk A3 A16)

ol wul g Fis Aldel Aol s, A6y £gdol WA ?%‘O}OF g
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4. 542 29 ¥3

FA EAE SHFHENANNY 5 A NG wo/Be FAzA gF 2ARE
o AAEE HE PHES Q2 AT AP et 2/3 By AAzAZ 72
231 9 BAZAE HEY F Y= FH4L AQ

AAED Hgo AA FRUYY 4FY 22 RYTHN NG 271 APo] Mg o]
of sAth WA BAHARY LolPoEM BRI & AV =, A L spFo] Lo
B Aridotaty, AAGA sHgetr] ¢ AAojojop drh EH, AAGAHNA ¥
Hol EFAHoz ¥IHE AHE U] Y& EHo| FxrHyoz 28 2%
g A Yof g},

TUE A FAY SFHAAA H4EL HA T AL WE(p), dHYASLE),
Poisson’s ratio( v )7} ZolFd & el Awnd,

A8 € 17— 532 % 39

i’i___l_ ﬂ'. _1__ D / =50 %z._l_
4

R, 50 ° W, 50 ', C W, W, 250

A HEos wTo ny 4Azde 94T Agedd FUS PN UG
ALY HrEY T2EZ AU YNHYE AP FU ABEHE AL F YL
& 5 glont, Aolol WA FAE Fadol s We maANE YTk A% L A
¢ A% TEEY A2 FAN A Y S FZE AY A7 Tag 97
B Hed olEg We BYY SFAAN] B AP TREL Agetd A2
g 5 k.

FUT SYARoIA BEAL F2ER AYE ANT 3L SAG Pol7h g
ok ahi AR 24 Hold & glom, o A% &% WY g ¢t AARE
& 4 3t

AA, Ao W 50 (T2 =) U A &R (acoustic mediumZ 9] 9

0

A LT =50 olu, g9 Mg %=1 olfv], 4 BN AL Z(stee) 0.2 3}
’ »

i, 2% A9 AL ot2dH IFuE, T A A E AHgste] A=A g

AR S TIE 329 P,
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CEER F, E, "\ h, .

| | FoE | 1/2216.12
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ErR| e WL, U-vi) E CEFElE 09812

;uoL _—‘x:ﬁ‘ >E (szZ) (1 « 0 2) Em =1 (i}:i‘?i)! 57098

o M— ’ i o+ 17591

ol 4 SGFolE | 1/13278

"v"} B A m Em hm 1- ; -

5;;A 3“=(EﬂF“%%;%¥l obzy | 1/18741
Al e : 7 e | 1/76.09
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U SN FUY ALY FRES BEALY] FREY APEY olge Ba
shedl 2 EAHol glon], ad Yo F2 RYRA ASENT 49 gl
o BRY 229 BY AFE AT AdAdol ¢ + Uuk.

51 #@AEYEFEDM)A g 53449 A4

o] Ag, WAL 3d 5L sy 99 e iFe U §EREYe =
ANTGE ATt WHoE Ho| o5 stoy HI 5o L¥Ror T o
FFAM &3 AY FEY A& L dFst=d AR 56,71

FEAEY L dutH ST B4 L GGG MYolats /AL A st
B2 49 dig 2AY 7o Qe AHdA F54AAL HAstez Fade
et nwate] Hlay JEAY g T & glen, gAY FAd SAsE o o
T OFE AEYG FAHYA A7E v F o, o5 Aol A A st H9
@Y B ER(direct wave), YA (primary reflected wave), TFE¥A}IH(multiple
reflected wave), 3] d % (diffracted wave) 52 #Zs e EAA S 44 948 4
At 71X ARER AEHL Kellyl5lol A48 Wios 239 272 g4 v A
o BFEFE BAY F UAERE 1" Aoy, Azt 2 FHHom FYREYPL AL
i oEe] EFezA ¥y e e

Aol S4UFU Laméd] BAAT A, p7t Aoz wEEE BEFd d4dmA
of #y 22 AAFFAC d& HuEWAYe] dygs FPEH Ly e Ao
"t

oS =g LG i) et L [ 5+ 3)]

2]
92w =L[A(ﬁ‘_+ﬂ)+2 _QQ]+3 [g(ﬂ+§£)] 9

ox 0z ) “* ez | Tox ox ' oz

A7NN x, z= 44 229 A HFEAAA AW E F AESZE YUY, u, we
7tz 7 HEF Wgoze] HIE Y} o] AL Kelly[5lolA AMe&5o] gt

o] Ao UIF A A A (stability analysis)e FAujAEA Q] A=A
(homogeneous stability condition)ZZ A 713 B4HA ALE FHselo F3AEHo
AL FHE 718 =85S ZAZ 89 4109 TE XA ZA (homogeneous stability
condition)& AH&3IP oM, AAZAL FFAAE AH&3% T [56).
dx

4t < Vol + (10)

52 %@ AR ¥ 2 49
FAAYE 229 B4 ASEHS AT, SN AU Ag A%
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Ao Bsy] g Adew HuAL 2P o FrEY FiHE B3 oy,

ogpulal (8) g A FEALold] FRES HAT & 29& FREA 1294 9 xlo) A
shuj, FA7)E SYoE FH 294 SAAEt A Sute AAddH TxE
dejst NEEAel Mg sddrt
[ PV B A
-t\U»‘; . o= ‘ éﬁroo( oo(‘o?coo(o

A 2 A 4 F ¥ plate7 | Flange57 Web 7
late 3em 15X 3.75¢m
_ pate 167 80x207
steel ) 3em 15x375em  18.75X 1.5
ribbed plafR 1670 80X207 | 100%87)
o 2.89¢n 14.77 X 3.62¢cr |
similarity plate 157 7% 197
scale . 2.89¢n 1477X362cm | 18.09X 1.45¢m
aluminum ribbed plate 157} 7731970 ! 97 % &7

¥ 3 YL TH

521 +xE FAAR @ N3 54

SAE Qs e gl BelM o] NIRAS QFure) ol vlaalny obds

A&
7ro] acoustic modei= Tr/\} A AsbEl A uk e "ol F=alv|(5H)e A s F k(A ol
A5l AlF)9 acoustic moderlele] A B (Hwel flexure modeol olaf A A Aol

2 owolw, 1Wat 58 FAlV])A B acoustic modeo] 2] AMEIE Mo I
& wro} AolaHE & 4 AUtk
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[o] 200 <200
time step

¥ 2 BB fFe BE 1¥ FA7dAg A3
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s00 800

S00 800 1000
time step

¥ 3 BAA el ©E 58 FAV|AY AE

522 AW IFv¥w ¥ uu
194, 5 6 B dFujEwe] vieln, 197 8 9= BAAE

g d 99 gF

rERe Hieolth F AIE v I RYE w FAP AZEAHNS FE G 5 e

W, 4718 A5 F, Fa¢ 39 283 acoustic mode°ﬂ # A FY AdE £4o]

83t A %-r”l*ﬂ"&—'] i A3 ¢Fujge 7259 4o vAHGIE FA}

T ASEAE HHS AT F JYoH, dFEnF RIYFH £2HPYL T ASE
‘4 #Qeo] dasin.
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14.5
T B el
B T

T B oL | ¢ ! :
§14.9 e N, L A ST R . N
S & % 1
15 [ S . _..P.‘f:\ EISF £ AT ) P -{-- i f
'k
B
N, ! 1 4

L - T B T T TR IS SN PRI 1 A \ S ,l.-

VG 2 b
L T T O T it T
—— rMbbed steel plate .
L T T T,
scale ribbad aluminum pl
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[»] 200 400 800 800 1000
time step

29 9 A mE AZEA(5H $a17)

53 A4 A gL

F& EYEY ANIEANT LA HAEHe Mg e syl ¢ =2
W AR ER dAN SR AN, SFgAY Sy A TZE
g NS EP wseE A,

TEE A A NZEAN S FAs] 8 237 A B Q= B9 Al
TEHE LFUFEY Aol WAL A acoustic modes SFAMSHA A s x| g Fu}
% acoustic modertolo] AZ &, o) o) o]} FMFE & & YUAT acoustic
mode®| §-8] A&7} B4R ¥ G ol AolH AL & & o}

B8 FARHe g8 A7lE AR SN FBe) NE BN HEE HYS j
AR A5 54E 7S AY 4 JNeH, Bk (dispersion) @A A uhel A g
¥ AZEY o] ZBPEnt EYEY $2AF 9 FZo] aTHL)

6. 4 R

61 & ¢

TIEY BBE VR 4 RYEA AFL Y U9 LFHANYN 2L A
4 BYTEEHR GEALY RYTRE date] $FUFNL $§ Wb AR
Ag HES) £ A3 2o Qo) 39 J1ay g He) BE v Fenom s
ALY, AAY JlEetA HE Hgo] TIY ALE BEHIL AlLsle By 3
T &S 2 29 B AF 0|82 A ¥ & Yo, 24 RYyA o A}
WA fE 23 e wEss 22 RYEH A HAZ SFuEe MY
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Eg SA4EE BU BAURS AL 2 AW AFVFY G-
4% h9e B & Aok

=0
o

F ARG
AGE A%

624 £

AAVHA ol Kk Az F U gel o
ol i} rele] AG whEol HA FUA ‘3}%2‘”11‘?94 A= A9 fAE 4 hz ¢l
Ao, Fwakule Qg FAE AW o ®E gk
oA 9g F AT

LAA S —“iiiﬂ/’\i compressional, flexural, acoustic mode®] 37}# = NFR-gE B
glak 4 oqlglom, TRE FAel o3 MIEAL] Zolis flexural modedl| A FHAE S
spolsk 4 Ao, btfc'e# aluminum® A3 EAS dHusiE A A AZELE
sape selstal stEol #¢ Adol dHds 1 4 AR e AL H4h RY

=2 -

54 QA2 Aluminume #HAe Ad= AFE 5 AUvh

63 FF A+ 43I

Zu) vherel Wi el FRRAE FE FARAe F71 BTl Ao, AFY AF
S o dAlHo s ““Ho} ?1_’:}; glolsti= 7o) g Fesidad £ AT .(FH]
.ir}\ \Yrogl 4—19] ,L)\ 1 uhﬁ

Wakg)l iAol o)A 35{?{' wave mode £ ¥ simulationg A& AP H
ol 1' /} o]Fol ol Ao, T 4 BHANES} H2y 2H A5 Ak Al HA
o] A4 Ao s HaFoiol AL
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