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Abstract

In order to calibrate the transmitting and receiving system of the echo sounder, an
attempt was made to use the stainless steel sphere and the highcarbon-chrome steel
sphere incorporated with the ballbearing of which materials and mesurements had been
clearly specified by the Japanese Industrial Standard as a standard reflective sphere.
That was to say, considering those steel spheres as elastic spheres, their target stre-
ngth were obtained through a theoretical operation by the use of the computer. Target
strength for the diameters of several spheres were experimentally mesured, and the
result was compared with the theoretical value. In consequence, the diameter of the
sphere for the transmitting frequency of the echo sounder should be not only free from
the variation in target strength of the sphere even if there were some variation in sound
medium densities as well as sound velocities but also decided in consideration of the
range of “ka” in which the change of “If.|” for “ka” was being slackened. Such
“ka” ranges were 3.17 to 4. 10 for the stainless steel sphere and 3.17 to 4.06 for the
highcarbon-chrome steel sphere. In comparison of the theoretical value of target stre-
ngth of the sphere with its experimental one, the results induced by errors in measure-
ment varied with transmitting frequency. It was expected, however, that the experi-
mental value could approximate more the theoretical value with the improvement in
accuracy of the experimental measurement.

On the other hand, since the elastic constant of the stainless steel sphere was nearly
equal to that of the highcarbon-chrome steel sphere, the variation of “If.1” for “k
a” of these spheres well resembled one after another. The stainless sphere must be
most suitable to use it as a standard reflective sphere.
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Table 1. Dimensions of the stainless steel spheres and the highcarbon-
chrome steel spheres to be used in experiment and calculation. The
diameter of the stainless steel spheres and the highcarbon-chrome
steel spheres are identical diameter for each frequencies. The value
of sound velocity is 1,516m/sec in calculating wave length constant k.

Frequency(kHz) Diameter(mm) ka_
19.7 63. 5000 2.592

38.0 41. 2750 3. 250

59.0 25. 4000 3. 106

88.0 19. 0500 3.474

98.2 15. 8750 3. 231

120.0 14. 2875 3. 553

179.0 19. 0500 7. 066

200.0 15. 8750 6. 580
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Table 2. Elastic constants of a stainless steel sphere and a highcarbon-chrome steel sphere.

. . . , . Compressional  Shear velocity
3
Material Density(g/cm?®) Poisson’ ratio velocity(m/sec) (m/sec)
Stainless steel 7.830 0.271 5,764.5 3,230.8
Highcarbon-chrome steel 7.680 0.288 5,811.1 3,181.4
Copper 8.947 0. 350 4,760.0 2,288.5
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Fig.2 The pressure amplitude as a function of
frequency of the echo returned by a stainless
steel sphere to a distant source of continuous
waves. The broken line show the pressure
amplitude of the echo returned by a rigid
immovale sphere.
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Fig.3 The pressure amplitude as a function
of frequency of the echo returned by a high-
carbon-chrome steel sphere to a distant source
of continuous waves. The broken line show
the pressure amplitude of the echo returned
by a rigid immovale sphere.

[fel
3.5

L gt UL I N IO B M M SR N Bt JE IND N 20 BN MO DN SN BN Bt N B BN BN BN N B i |
-

o 1t ¢t & & 0 1 ) & 1 i1i¢ 3 3 1 ¢ & ) 2 0 3 ) ¢ 4 3 1§t 1 ]
0 5 10 15 20 25 30
ka

Fig. 4 The pressure amplitude as a function of
frequency of the echo returned by a copper
sphere to a distant source of continuous waves.
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Fig.5 Effects of variations in the medium
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Effects of variations in the medium
salinity on TS of the stainless steel spheres
of each diameters for the frequencies,
respectively. A constant medium tempe-
rature of 25°C is assumed.
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Effect of variations in the medium
salinity on TS of highcarbon-chrome steel
spheres of each diameters for the frequencies,
respectively. A constant medium temperature
of 25°C is assumed.
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Table 3. Comparison between the values of calculated TS and experimental TS, for the stainless
steel spheres and the highcarbon-chrome steel spheres, respectivery.

Stainless steel sphere

Highcarbon-chrome steel sphere

Frequency Diameter Theoretical TS Experimental TS  Theoretical TS Experimental TS
(kHz) (mm) (dB) (dB) (dB) (dB)
18.7 63. 5000 —34. 847 ~35.6 —34. 860 —35.6
38.0 41. 2750 —39. 900 —40.0 —39.915 —39.9
59.0 25. 4000 —44. 062 —44.6 —44.079 —44.4
88.0 19. 0500 —46. 596 —46. 2 ~48. 609 —46. 2
98.2 15. 8750 —48.198 —47.9 —48. 213 —48.0
120.0 14, 2875 —49, 091 —49. 2 —49. 104 —49.2
179.0 19. 0500 —46. 408 —46.5 —46. 349 —46. 4
200.0 15. 8750 —48. 020 —47.8 —~48. 080 ~48.0

BlERE->THUBEBEERT S bOEEEEINS,
LichN > THTk, KEEROBRAP, HKHZVENA R
Ohr2A 7 DEEHFEDEEILLD, SS5KRTSOXE
RELHEEISETELOLEDN S,

PEXy, BBIBEABORSZEEEOREHABRERS
BRELTRAT VLV ASERCERE S 0 A\ EEV 5 C
CRTRETH B, FNICRBBE—BOEELERICE
BRIANBETH B, LHOLENS, BHE, H3EED
BEFIC O WTEERSEKRE L THENTHERIN TV
AN, INODOFERIIOWTREOEEEFEHL, 0
PO BRI L TREBRORB L LTINS DBkE
FHITLIEETEEERELON S, N oDEREESEE
REtEkE LTRET 286, A7V VABBRESREY
0 LFHBROFH OB FHEHENBLPUTWEEWS T
EDD, BALIVEIEEZAV2ONEETHS 9,

6. F&&

BHEAMBOXZEESORE I, AARTERETH
BTHEENFEICEDONTOVAEMEHOAT VLR
Bk & BRFE 7 0 LR EER GRS U CTERT 5 C
xRS, CNODEREHEHEIKE LT, 2074y
APV YT ZRETVE2— 5 2RAVTERITEL .
FLINGDEDVL D0DORIIOPVWT, ¥—4 v bR
MU REERICX > TEBIL, WEDOLERA
Toteo TR, ROLHE T EMNF ST -T2,
(1) ABEMBOXERERC L THROBENLS
KT B0, BREWD A REDOEE L FEROE LI

LTHDY 4y F RV U RADEPHRBEEL,
ok a DEDOEETHT S | fo | O—EOELDTH
T, ZOELDENESIEPNEEADk a DFIFHAE R
ATRETHEERV, TOEHE T L XFEKTS3. 17
N54.10, BRE7 o LHER T3 1TH54.06TH - 72,

() By -4y bRV T RAOFEEEERED
HETE, BRI -TEBL—HLIbDEZHTE
WHDEIBEENH >t COXIKABEEICEL > THE
BB o-E B 501, ERBECHEND >/27/29
Thy, IOBELEEREIEICLD, SORBEEREH
TELDEBDN S,

(3) ZF v VRHERE@RFE 7 v LSFROBEER L
HESHE O ETH B, ka3 |, | O—ED
ZEBEEL L TWE, Lich-T, BEREERE LTH
WARIKRBELICS WATF YV ZEBIESTH A5,

X M

FarAN, J. Jr. (1951)  Sound scattering by soli
d cylinders and spheres. J. Acoust. Soc. A
m., 23, 405-418.

Foorr, K. G. (1982) Optimizing copper spheres
for precision calibration of hydroacoustic
equipment. J. Acoust. Soc. Am., 71, 742-747.

Foorr, K. G. (1983) Maintaining precision cali-
brations with optimal copper spheres. J. Ac-
oust. Soc. Am., 73, 1054-1063.

Foore, K. G. and D. N. MacLeNNAN (1984)
Comparison of copper and tungsten carbide
calibration spheres. J. Acoust. Soc. Am., 75,

— 128 —




KEMBIENE H56% H2 S

612-616. -
HamproN, L. D. and C. M. Makinngy (1961)
Experimental study of the scattering of acoustic

energy from solid metal spheres in water. J.

Acoust. Soc. Am,, 33, 664-673.

HickLING, R. (1962) Analysis of echoes from
a solid elastic sphere in water, J, Acoust.
Soc. Am., 34, '1582-1592.

EHRE—-HH - HREE (1982) HAAERE

AEICH G 2 EEBIEE KETLERAFRRE, 3,
187-1983.

Nrusauer, W. G, R. H. Vogr and L. R. Dra-
GONETTE (1974)  Acoustic reflection from
elastic spheres. I. Steady-state signals. J.
Acoust, Soc, Am,, 55, 1123-1129.

SteENzEL, H, (1939) Leifaden zur Berechnung von
Schallvorgangen, P, 104, Julius Springer,

— 130 —-





