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Target Strength Measurments of Model Fish which have
Different Internal Structures in Pitch, Yaw and Roll

Yasuhisa MATSUNO*, Yuichi YAMANAKA*

Abstract

The target strength measurments of model fish were conducted in a 30 tons octagonal sea water
tank at Nagashima Marine Laboratory for Fisheries Science of Kagoshima University.

A mold of tracurus japonicus was made of silicone rubber and three models taken the very
same form externally, which have different internal strucres were made of silicone rubber by it,
namely these three kinds of model fish which have only rubber i.e. homogeneity, only bones and
an only air bladder respectively.

This time, authors measured the target strength of these three kinds of model fish every 1° in
pitch, yaw and roll respectively and used frequencies were 50 kHz and 200 kHz.

From the measurment results of the aspect variation of each individual model fish target
strength, we obtained each polar diagram, maximum value and average value. The consideration
of these results were very complicated, so that we could not set forth in detail, especially in regard
to each polar diagram. Taking a wide view of things, in general we could make the following
statement. The maximum values, the mean values and the aspects of maximum value were influ-
enced considerably of the air bladder, but it could be considered that there was little effect of the
bones.
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Fig. 1. Experimental setup and electronic block diagram for target strength measurments.
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Fig. 2. The way of the target support.
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Fig. 3. The model fish and its lines.
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Table 1. Mean values of the target strength of model fish.
50 kHz
Pitch plane Yaw plane Roll plane Three planes
Homogeneity —40.8dB —40.0dB —34.7dB —38.1dB
Bones —39.0dB —38.0dB —38.4dB —38.5dB
Air-bladder —34.6dB —40.0dB —31.4dB —34.6dB
200 kHz
Pitch plane Yaw plane Roll plane Three planes
Homogeneity —48.5dB —48.9dB —41.4dB —45.5dB
Bones —49.0dB —45.4dB —40.6dB —44.3dB
Air-bladder —44.8dB —45.6dB —38.0dB —42.1dB
Table 2. Mean values of the target strength of model fish in dorsal, ventral, head and
tail aspects. i
Pitch plane
50kHz 200kHz
Dorsal Ventral | Difference Dorsal Ventral | Difference
Homogeneity —41.0dB | —40.6dB —0.4dB —48.2dB | —48.7dB +0.5dB
Bones —39.5dB | —38.4dB —1.1dB —49.3dB | —48.5dB —0.8dB
Air-bladder —33.2dB | —35.8dB | +2.6dB | —45.2dB | —44.1dB | —1.1dB
Roll plane
5011z 200kHz
Dorsal Ventral | Difference Dorsal Ventral | Difference
Homogeneity —38.0dB | —32.4dB —5.6dB —42.6dB | —40.6dB —2.0dB
Bones —39.4dB | —37.4dB | —2.0dB | —41.3dB | —40.2dB | —1.1dB
Air-bladder —29.8dB | —33.5dB +3.7dB —36.8dB | —39.3dB +2.5dB
Yaw plane
50kHz 200kHz
Head Tail Difference Head Tail Difference
Homogeneity —40.5dB | —39.9dB | —0.6dB | —49.9dB | —49.5dB | —0.4dB
Bones —39.9dB | —36.4dB —3.5dB —45.7dB | —45.8dB +0.1dB
Air-bladder —39.7dB | —40.3dB +0.6dB —45.8dB | —45.8dB 0 dB
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o T TS DKRIEZEET 2—2 DL UTHE plane DFEEO K ZRINIAA 2. &
112 3871 Z W &N 360° D TS OFGEARL 2. L EBORBHEAWIC & 5 BEH
EMABERNICASTHS D LHEINDAKD 180° D&, 34 b5, Pitch plan, Roll
plane |33, BEE % 180°, Yaw plane ($5HER, BE#R% 180° O TS OFHEZE 2 IR UL 12,
TS OFHfEDZE X Pitch plane, Roll plane (& (ZE=%H—MH), Yaw plane & (=5
ER—EEB) LUk, - TOMEIIEEE 2 I3THE» 5 DRGFHEL, OFIEEE 72 2B
»HDRFPBNIEEZRLTNS. TAHDIEEVEL D), (2), F2H5(3), (4),
(S)DHER =/,

(1) FERBABREAD TSHPELASAARKE bHERERA LV 3.5dB k&,
IO LITEVFERIAKD TS OFHEZ RS T2 LML D LN

(2) BREAERAD TS 3YEEHA LV 15dB K&, LA LI OfEIL 50kHz
Roll plane DAHERBRDB A SN2 D TR LK ORREIL L b S0, 12 Pitch
plane, Roll plane @ TS i3 50kHz, 200kHz # W FN K/PHDKER & 2 0 BEBEDOEVIZ &
AHEBLHEEIN, BRPSBIZITS ARE<THEHERTIICRHELI 5. SBROBEL
UTESITHERSRIE 2T 0.

(3) HEKAAIX Pitch plane TIXMAK E HEE, BRSO TSOERITIEALEL
> 72H%, Roll plane TIIFFICHEHEH» 5D TS #55.6dB b k& <Hbht:. Yaw plane T
IETEER, BERIZEAEEN LT,

(4) BREABEER AL Pitch plane, Roll plane T AR & bBEE» 5D TS AR E N
fHIAIIZ 3 > 72. Yaw plane Tid 200kHz I$FEER, BEBDE L/ h - 1255, 50kHz TIZEH
5D TS BKRELHDbNI.

(5) 1# & KiE AKE AL Pitch plane 50kHz TIXEHE» 5 D TS H 26dB K % <,
200kHz TIXFEE» 5D TS 25 1.1dB KELK ZDHEIZE L 2 BRI DR E L 512, Roll
plane IZHBEK & HEHED» 5D TS #3.7dB, 2.7dB L K& <HbN1. Yaw plane TIZF
R, BEH» 5D TSITIXIZEAEEMN P 512,

PEWL S ORERZ/ 125, WIZ 3BHHEICH T 2 WA OBBERE/ S8 — >~ ORF#ICD
WTHET LW, R4, B5ICH6N5 L5 gt & BRIADOBNYAMED T HIC
EET BRI TTS BRE<SEMUEBRR (UTRICETEDLT) SE>»BRbhS. Ch
BRERLEBEREOBER A LOHL/A PREL L2 EBOKLEMTS. £>TZD
MEICEZ /Y — v ORHERBRICBET 520 XRETH 5D TUT 2 OBIEIC >V TE
7.
1 SEENA
(A) Pitch plane
(1) 50kHz
B EZARLELTHER - BMEmABEX, £HhEFh 20° 45°~50° 60°, 80°, 100°, 120°~
130° E TSDKRE SR 2 55, 9200 OMBTHRANICB»AONS, LELESE: B
HEEHETIER 10°BRICZ->T0a. BREVEEHMR 5 ~30° X T 502
MHOHNZHEEARN 40° £ TIE TS B UANSBEEICHY, F0D/89 —VI3EAT
VA BONMERERLVEE - BEE LRSI 120° F TRENHES T L.
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(2) 200kHz

HEEEFROE UCHR - BMEmAmABE cEhEh, 20°~25° 40°~45°, 55°, 70°~
75°, 85°, 105°, 115°~125°, 140°~145°, 160°, 175° & 50kHz Fl& TS DA & X IXR 2 5 H5
#10°~20° ORI THRAUICES >N 5B, 1212 L 50kHz RIS E - BEE LA T8
10° ERRIC s> T WA, FEERATE 105°~115° D TS BN ¢ X HBAIE L b 5B,
BOMEIEEH - B EiREH TR,

(B) Yaw plane

(1) 50kHz

FEEEPLE U TAEARERBEm AT X, 20° 35° 50°, 60°~75° 85°, 95°, 105°, 110°~
115°,125°~130°, 155° & TS DA% X 13RE 554 10°~30° OB THBISH 5N 5. BOD
PEBIIZIFEGHRIRE AT L.

(2) 200kHz

“Uefe” 85— v EIRNL, BOBLEML, »OERED TS HefRIickE <Hbh
TWna., BEPEHPLE LTCEGREREAAMNZ ZNEFN12BET DOBALHLNEY, £
NENEENMELBZIREBOMBENITEALE 5°~10° T TS,

(C) " Roll plane

(1) 50kHz
KEEAFE /X5 — > ZRUBOEL D0,
(2) 200kHz

HHEEEAGRK20° 1, BEAGH S IKESH NS, 50kHz K VRERNNF -V EE-

TW5.
I BREAERMA

(A) Pitch plane

(1) 50kHz

FEE2FLE LCHETE - BEmARZ ZHLFh, 20° 40°, 70°~75°, 80°~85°, 90°, 120°,
140°, 160° & TS DA & X 3R 72 254 10°~20° MR CHRANMICEL A 5N 5. 12355 -
BEE_EHED S 2 RTEPHEICH T THEHH 10° R TRObhTWE R E, Efr R
HO—PEBOTHBEERADINY — Y Eh E->TWV5,

(2) 200kHz

FEEHROE ULTEHR - BEmAMAOEENA L VBOHAEML, »> 50kHz D35
BiHsontfc k) ICERE LROEED 5> BIHAHE TaEsH 5°~10° MR cHRbhTH Y
[EE D 5 RBEO—H 2RV THEERRADN Y — v LUn L>TWVS.

(B) Yaw plane

(1) 50kHz

HAEZROE L TAEAAREBHRAMmME, 15°~20° 50°, 65°~75°, 85°~90°, 100°, 110°~
115°, 130°, 150° & TS DA X I RRLZ\BHHHh, ZONMEIIGEERALL, & -
TWBHEEER & D BERA M A 150° 1255 2 DDREIZ 8~10dB K& %2 TS TH D K= 2
HmEEH-TVS,

(2) 200kH:z
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“BELTE” Y — v RRUESEBRAICLU, Lo TWVWA. U USESARIK 30° ZUHH
% 50° INOHIEA T 8~12dB, F 72380 & 0 AREREIB A K 110°~130° OFE T 10~
15dB K& < 2> TW5%.

(C) Roll plane

(1) 50kHz

COBEMIZELISRUILE DI TS FHESHERERA LV /NS L, POBEE/ ST —
v HZ® L THY Pitch plane, Yaw plane i85 3 BB OHEII D W T HEBRET i,
CDEHBINY—VICEBEIIHELIISL, BULAZORORIEICIRY 52 DREIC &
BBRENPRBALILLLDEHEERT .

(2) 200kH:z

BELE &0 EAK 15°, 40°~45° LB A H NS, fdiZIFHEREREAEL» K> TV 5.

I ZEREARERMA

(A) Pitch plane

(1) 50kHz

EHzHRLELTER» SEHAR A, 35° 50° 65°, 80°, 105°~110°, 140°, 155°, 170°,
BHEAm L, 35° 65° 90°, 115°, 135° 150°, 165° IZHRAS & H MIGEERAD & 5 IZEROAL
BlaER- - BEANKEEZ 550, BICHESHHE UTCEHERES M 105°~110° 1<
TS—24dB OEKfE, BEEAM 65°, 115° 12 TS—30dB & Hn 5.

(2) 200kHz

S APLE LTER, S BEHAMIC, 20°~50° 90°~115°, E A H %, 45°~65°,
115°~130°, TIXZENFh 10~12dB, 10~18dB, 5~7dB, 12~14dB k% <, HEERA
DINF =V EIZEB>TWVAS,

(B) Yaw plane

(1) 50kHz

Bz RILE L TCEGRIERSR AR X, 256°~30°, 40°~60°, 75°, 100°, 115°~120°, 145°
SHIE & BEOHHEAIIBRDOAESRFRICTZ > TWVWBH, BER & VRIEE THIENFRTH 5.

(2) 200kHz

“Mef” NS —VARUEBEERALIIL P L-oTWVAE. UL LRIEE LTI TS &
BMEZRL, AAELLE S FANSRLZBEIAIIEBIEDN, 20 TS DEIIH 8dB T
»H5.

(C) Roll plane

50kHz

BIIEmEL, TE&VELGHN60°~70°, &V ERIKNS50°~60° IZ5 @A HNS.

(2) 200kHz

BIIEEELAGHN 10° IT9EERA KV 14~18dB, * 7-BEHE L4 10dB X & 208
HoNnB., N -V IBBRBEARRAL LU LH-> TS,

DETS okxx, BOMEL > FREZEODVWTHREZ/ Y — v OB zR~ . &
NHDERE SBOBERADOHNIPHEE L DBELZIER ST 5120, ZhEhofilEm, E@m» s
@D SOFTEXBEZR 6 IZ/RU 1. BBIEHE, WE, AKE (B, BEBSF) ZULH
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Fig. 6. SOFTEX photographs of model fish.

A : homogeneity — lateral B : homogeneity — dorsal
C : bones — lateral D : bones — dorsal
E : air-bladder — lateral F : air-bladder — dorsal

HER 240 A U o S ETUESIRE:, THES 2 CITR LTz &2 I3 3R ¢k 20° s U, 1F
BT ORESE > 12, 12 EIORLUIZ ED IR EROIMNEETEE 2 3 Mm A & Rz 3l
I U EEBIE 5°, TR 18°, REMUIE 15° OIEE 2 - 12h5, FITRULIZ & D ICHEmD» 5
Az ERITHG LT OEE 2 r o . BERAEORIE 36.2cm?, FEROAFE I 2.0cm® T
FERNIILAROE5%Th -, £1-M3DEHE, &M, BEICRLU LS ITHREDH
EEDEPICKEL B> TWVS. K TEREE R L SEIIRRIOKFECH - 1.

Dl EEEOFER, HEEIA S OB/ NS — v ORELHEXBLZROLI TH- 2.

BRIFARBTIE © 87 — VICKE REEIIRE P DT, BRICEDZHEIHEV VD
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DEHETSH. L L 50kHz, 200kHz MEH D Yaw plane TH Hhtz & ICEEHH HAES
30°~60° LISV M 5 & LITHEBYH - 12, FHIC 2 O 50kHz TEETH Y,
FHEONVIEEUCREIDOVT VOENBEATITE > LAIEKRE LEROEAEZTRL
1z.

& RIFAREA | Pitch plane & Roll plane K EBRIARERKFICRL 1239 — U SR
sz, Pitch plane TH LN & D ICRIED 5 & 2 FHIC T 512 2 ROEMAICITIFE
AT EICBEFRORBRERCES S 5 BAREPELEbN. SEORIE T 50kHz D
BE, BEHLOEEARA» SBFHSAS L1255 5dB K& » - 1245, 200kHz DIBEI1E
2<BEUETH>7:. 7 Roll plane TH 5Ntz k> IT 50kHz & 200kHz TlEF D /S —>
BRL S, FESROXBICLVEAKE SERA2POLOE LTEAR IBT>OBAKE <
Abniz. £OODAEL 50kHz & 50°~60°, 200kHz & 10° T& > 72. Pitch plane Ti&
HEH, BE»25D TS DRE SITEVWHH SN E KT Roll plane 1253 5 2 OB
BEDENE, YAV IN-DOEARVFEEROBRICLZHIBEAEROENEICLEH0D
LHERTENSBROISIEESRERZERBURF LV, £ 3BOEHAL DL Yow
plane TEGEMED TS OEMSRZY, S bilADETBIKE LK o1288 =12
o1 L ERVIGEKERRE 200kHz TROMBENEEMFE L 5 5°~10° $hi- 2 &%
FREHOMESDIUREPSLIEVERTH S EHET S, Thd 2 >0MEAE
50kHz & 0 200kHz O SR EE K& < ZiF 1.

SEOBAE XA Y ORI =TI L BEM» SDRHYE — 7 BEBEE FNENGELE 120D
THAHN, K4, MS5ITRUIED ICEZHEESE BEAREEOEYHUS I bTHELL
THRLITED TS BRELS KL SHBORETH > 1245, FDOETE TS A
SETHHENS LIS LIS Y, 20HEEIC05° 50 1I°RETRIE LY. 1
RABEIE S MERNAMOELIC L OIS E113E UL BT 2HANSS ST, S%E
D TS DRIEICIMA T, ZORFEFOEILDERS &0 < b L BF U BEAED R
HOMET ZERTL.

RRICAEREZITE D ICH 12 O ERIBH R OEEBICNRAT X > - BEKEERAFE
ZUOBROER, SOFTEX BEBRYICHNT & » HAFBEEY S HED /S HEH#,
KBREBFHICHET S AEEH TESMBRK 2 U OB % X h R334 Rk
BERICHETHEEZERT 5.
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