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High Frequency Scattering from Cylindrical Scatterer

A2l M2t e, HEE
(Kitaek Kim*, Kwan-Seob Yoon®, Hyoungsul La*, Jungyul Na*)

BT HYBHTD HUSYATY
(Hegrt: 20054 78 19¢: $ALRL 20064 98 9 =Rt 200544 108 1Y)

304 959 A9 A SAA BskE H] B3E g5 15t 3 Tl fBE AlerAel Bdd
T UTY AUA Q) Peidel w2 nFu) (120 kHz) AR Y S8 AEL 712, A2, ¥oI7 4 Sm
x5mXx5m G244 F7|7F AU ¢YFH PVC (poly vinyl-chloride) 25E 1.5m Aglo] 23t =3 ISAE
360° SJANTIWA ANstc AP A3 A YSLS I PAFHOR AP BAL POt £ A Y
FoAAE Pl WE B4 w0l HEA (fluctuation)©] LIERITE Stanton®] AEHE 0|2 A3t 2% 4l o
B ujay A7 fAR A% T &+ JATHO). F A €% A WRoA vehts 83 Fre) HEAde
F AR Y] FHo2RE HF27I7R ] AR 13 4 ke ] 2o, £ F ) €5 A ojge
ENEH €459 7HFo] Ao wet BY FE9 50l AR A AT 5 ASlTh

WS 3717 AN 4T, . e, ARt "

FigeR £5F 2ok (.2)

This paper presents the changes of acoustic scattering pattetn from a single cylinder and two identical
cylinders in both theoretical calculations and experimental measurements. Bi-static scattering pattern by
single cylinder and two parallel cylinders (length 2m. radius 30mm) was measured in 5mxbmxbm water
tank using high frequency projector (120 kHz) and hydrophone, The results show similar agreement
hetween experiment and theory. In case of single cylinder scattering, ommi-directional pattern was
observed in backward but there are fluctuations of target strength in forward. Interference between each

cylinder's scattering fields produce fluctuations of target strength in all directions of two cylinders.
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Table 1. Specification of Cylinder and Equipments.

Dimension of cylinder - Projactor (Neptune Sonar) Hydrophone (Reson
Element Poly Vinyi-Chloride Frequency 120 kHz 15 Hz ~ 480 WHz
IR*/OR* 27.5mm / 30mm TVR* 174.9 dB -
Length 2m RVS* -187 dB <186 dB+~ 3 dB
i
-~ 32x10° Pa- 5/ Beam widih 9.6° Omn
Chincaotesisio | nee X @ sim Pulse Ianﬂr 0.2ms / 0.4ms -
TVR: Transmitted Voliage Response "RYS: Receiving Voltage Sensiiivity HR: inner radkius *OR: auter radius
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Figure 5, Data acquisition system.
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Figure 6. Experimental geometry for sound scattering measurement
(a) The beam width is 9.6° and insonified length is 35¢m.
b S is and the distance between cylinder and
receiver is 1.5m.

Z2AHE A7 AP olF WAsp) Yol e
2 Ao A FAE 0|83 F37IE g A A
71 A% 9% Yako® 60" o APAE A&+ AN
ok AgdM 29I ARAZAY ARl 2.8mR
R =a’/A=25cm Br} 302 A2 S99 st
(12]. ¢i7]14 R, = 9A) A#] (critical range)oli a &
Projector®} WAE, A& mgolct, §Fo oF At
9% kR>> 19 ¥ABA S4319THY, 10). At 5
Bl 242 Huiupyt dgo) YrRE F Z3o) 3l
Azto g Ak | & #AISE A9E Asgich

IV, §Y 8Y 9 oj2e] vl

29 72 3870 $4€ 4B 3 Y 4B 99
(150" ~210° JoIE) AT SA Rolck, ATt dms
AR SAIBAH 1ms HohHE SHoRYES 3
Bt 489907, 2 smsolHE BECRRE ARHY

Direct path signals from the projector
y o Scattering signals from cylinders

N 7, 34 MRK150°~210°) BIoIMR] (2 b B (ST SiHE HE
804 TARBIZICL 1ms FR0ME BHOR HER) SEIP 2. 8msH
A= fROR WEo| Al {127 pAlERi)

Figue 7. Scattering sionals from 150° to 210°. The signals were
Hilbert transformed. Direct path signals from the projector
were received around 1ms and scattering signals from
¢ylinders were raceived at 2.8ms.



A7} 250

19 82 A (N2FE AN 3 A2l pvce] 0|24
A HIATE (decibel) ghk AP 2RE 73 Ygo B
A7zt wiwdt Aolrh, Age] 3 4g2 By =
= 4 B)F o831 Aidstgichio).

TS=RL—-SL+2TL )

7| TS ¥3 7% (dB re 1y Pa at 1m), SLS &
¥ &9 (dB re 1y Pa at 1m0 TL2 Sl @57t
A 2 @Il AR A &4 (dB re
1m), RL 282 29 (dB re 1z Pa)oitt & ¢} (SL)
© =YY 4 8¢ 441719 2= (TVR: Trans-
mitted Voltage Response, 1749 dB)E BA151 AAk8}
a2 e % (RLx 38719 SA0%E (RVS: Recei—
ving Voltage Sensitivity, —189 dB)S Te5lo] Akdgict

& 7 pvee) A wle e 43 AT} ol 3 BR
150° ~210° oJA] 1dB ©Je) YHe 2S Ho|w Sl &
Hog ZLE 7 Aot 2FH HAL ek A

& AAY o B3R At b AFS Holn
dout WY GooHE B4 2= go) ¥apt 24 U
ERERE 913, B3] 60° ~300° oM Aol Qg At}
o} SHoINE 20 AH L) 242G AIBAR <
3lof MZ ML Yozt ol AR 3 439
Al SR gRHEQ) FL R Huh oA At
AR Fgo) thh BESHT). o) WY BB
o419 UL PVCE AAZ & AAF 4 (3ge=
FHY AHSE PAA Q2 Ksete) A2HE Y
S350}, Wb A FGoA o3} A3 Ao
7F GERER Qlet,

O8 8 HAPVC 28 M A& gl eim
Figure 8. Comparison beiween model and experiment data of
single cyfinder.

FSY Mpo] DI Azt MY 445

13 92 F 7 PVCe] Aleto] i3t o] g A& g
< v|mg 2gojct, Y 909 o] 2A]I At o
golde &85 7HHoR 3 7wl gl ¥} 2
A veRt ook, ol 2 A4 F A 2
o8t Ak v 59 AR tEA A AR
o] Algh &3k Apoje] 7Hg a2 AA| W9 ZolA 23
Zee] szt 34 velgoh, % 99004 23 =
o] 2A7r2 -14 dB~-31 dBZ 3 7] YEH} v|E P
i & 2lolE Hol qluk o)A £4AI7Y) A A o
A 7+ AR} 3571 Alele] Al 2} df2e] A7t
A7|3 22 U3 F 4FY ARt S Ajelof 7H3e]
WAYst7] Wigolct,

a9 105 I 2004 €E Al 7HE s¢| sl
o2 Ak e HsE A ()ZRH ALE AR
Aolc}, 59} 7HHo] A} T (180" )T Ay
oA A F=9| ghole Aeol7t gict, AT YFALe]
9| 7470} AALE 7} YT A% S Aolofl THie
2 Q3o 34 e W3t Yol S ¢ 4
ek, o)z ARMY] B g FYEE &3
& AE 4 $A00 w2k g Wt 9lg ¢ Yok
A& 9ujgit},

V. 28 % EY

B E8oNE 3717 97 959 At e 2
Fag ol83hod ARSIUR ojEst Wit By
AFo] Fob AR WA W42 EAH % gk wish
7t e wiel g BEelE Be WSl et

50 — theory

12 9. $AQ| PVC o 7} A& Zt i
Figure 9. Comparison between model and experiment data of two
cylinders.



446 ESRUASIN M4 ABE (2005)

270 270

(8) S=5x% (b) S=102

270
(cys=153, (@ S=202

I8 10 F HEQ 20l M2 M@ ] 29|
Figure 10. Scattering pattern acoording to spacing betwsen two
cvlinders by theory.

ol2{g} A= Stantono] AR o}EHQ Akt Heiw}
AR S R E3 o] o]&¢ olgsiel U
7H49] £ gl tist Azt HiE g AAg At Ago)
Aot T2 33 7z WstE I 5 9l ol
3 B 7wo] e 4 U4ga 417 Aol A
2 QA3 WA SR fglofd), ety 39
A 2L olRL Y BNEREH 4 5 28 23
& 738 g AR A 3% AlolellA WAl 9
ARl gt ZHd gl 249X mhet 34 e
Aol7t WY 4 9SS mAFor ¥ Aotk Y 2
IE B9 & 7f 959 3 Agold dEe o2
e Holx 1dB ohfiz ARG £ A YFPME
4~5dB2] 2}o|§ Kol QJr}. o)A YT Aojoi &
e oF AR 9% YRy 2R OF A
23 Y89 SAo) A3 AS oj2e] A o
of WSk AolR A, A&k QRN o]HE o]
Bof| 2231 ka ol Rzt Y5 Aol whE A
o A8 Wste &3 o|247 9] e S AFEY
o 4% AP HlE B} AsHA o2
Y& Aojct,

2 2

& A7 FEEYSANTAE (UARC)Y Agez
PSS

du12¥9

1. 2EY, $F7, g 245, FHE 7R oY SYuE
Zo| pst o &S| Zo| o Mol o RIS Ex
SRR 20, 100-109, 2001.

2, Uz, M, Y “Experimental Study of Back-
scattered Underwater Signals from Multiple Secatterers.”
s=ZEax| 23 (1E), 31-39, 2004.

3. Lord Rayleigh, The theory of sound {Dover. New York,
1945), Secs. 335 and 343.

4. J. J. Faran, Jr., “Sound Scattering by Solid Cylinders
and Spheres,” J. Acoust. Soc. Am., 23, 405-418, 1951.

5. R. D. Doolittle and H Uberall, "Sound Scattering by
Elastic Cylindrical Shells.” J. Acoust. Soc. Am. 39,
272-275, 1966.

6. Vie Twersky, “Muttiple scattering of Radiation by an
Arbitrary Configuration of Parallel Cylinders,” J.
Acoust. Soc. Am. 24, 42-46, 1952,

7. G. R. Barnard and C. M. McKinney, "Scattering of
acoustic energy by solid and air-filled cylinders in
water,” J. Acoust. Soc. Am. 33, 226-238, 1961.

8. J. W. Young and J. C. Bertrand, "Multiple scattering
by two cylinders,” J. Acoust, Soc. Am., 58, 1190-1195
1975.

9. T. K. Stanton, "Sound scattering by cvlinders of finite
length. I. Fluid cvlinders,” J. Acoust Soc. Am, 83,
55-63, 1988,

10. R. J. Urick, Principles of Underwater Sound
(McGraw-Hill, New York, 1983). Chap. 8. pp.
237-290

11. P. M. Morse, Vibration and Sound (American
Institute of Physics for the Acoustical Society of
Armerica, New York, 1983), Secs. 29, 347-360.

12. Medwin and Clay, Fundsmentals of Acoustical Oceern-
ography, (Academic Press, 1988).

5} 2f3

.o 3 7] 9 (Kitaek Kim)

20014 3% SiEARUSID ZYoMMORAD
2004t 35i~3A: Stlcysie st AAREE)
¥ FoZON FEST AR

o ¥ A (Kwan-Seob Yoon)
32 SAEeX] M21A B A%

+ 2} 8 € (Hyoungsul La)
HT SYUSIX) WA XS E

e Y4 A € (Jungyul Na)
33 SAtteiR| H21H ARE MX



