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Measurement of Sound Velocities in Acoustic Horn Materials

Hideaki YOSHIOKA, Yusuke HORIKAWA,

Hiroki SHIRAKAWA, Yuya IIDA and Tadashi HACHIGA

Abstract

The sound velocities, C,,, of duralumin, stainless steel and machinable ceramic have been studied at the

temperature ranges of 0 ~300°C. The results can be represented by the equations:
C,, in duralumin (A2017) =—6.054X10 *T?—0.6017T+6382 m/s (accuracy:—0.7%~+1.0%)
Cyin stainless steel (SUS303) = —10.59X10 °7°—1.686 T+5689 m/s (accuracy:—2.2%~ +4.0%)
C,,in machinable ceramic (Mica ceramic) = —0.3878 T+5281 m/s (accuracy:—0.4%~ +0.8%)

In conclusion, it is shown that machinable ceramic is best suited for acoustic horn material under non-uniform

temperature conditions due to the negligible impact of temperature on sound velocity.
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Table 1 Configurations of three test samples

Material Configuration (Size)

Duralumin Rectangullar (17X 30X 27.03mm)
parallelepiped

Stainless Plate (34x 35X 8.05mm)

steel

Machinable .y, e, (420X 27.97 mm)

ceramic 2

28 (SUS303), RIS I v R (A4 4E7F
197 R) O3FEEMHA L, THENOHERICE T
B4R (GHEE) OFEAHES Table 1 g, HIEE%
RPDOTHE TR,

2 -2 BEROERHR
BEHROERICS>VTR, 77> v I/ vYarda
% L —4% (Tektroix #:5! AGF3022) ickb®L
NVRTEEEEF A4 2T (dB) @7 v 7 (Mini-
Circuits 71 %1 ZHL-32A) & &k » THIE L 7%, Lead
Zirconate Titanate (PZT) BlOFEE LS I v 7 2R
BFicBAL, 20oREAL Yo 2 a—-7 (Agilent
#1%154622D) TERIL 72, 7 ¥ TEARIDESEE
DOFEMA Fig. 21287, ZEMc>VTHIEBIEME
BoMRE L, RETFTRURESTET v Ik -T
HIEL, #veXa-7TEL L, REREFICE
BEZ15mm ¢, FHIRE K IMHz © Panametrics tt
®IV603 %, ZHIBEEHFICIIERLISmm ¢, LIRERE
HOIMHzODELT+5 3 v 7 2FBIC-2138F (F=2-—1
M315°C) ZRHW,

2«3 BREOHIBEAE
BEOHIMEBED D, EHAELImMme D KA Y —
REGEN 2 A RBNIBICRE Ui, REEFTICOWL
T, BBEXSEFRETOBRELLLNL S, kA
> 5N OB ABEAMCRE Lz, ENERED
Yk SIEE AR B 720, RbbE e -5 (UB0W)
T L, ZOAEEWBM TEB- 1, b— 5 FREE
oHIMEABoERME IR, EEFEH
(TOHO ##1 CT-602-KX) #H Wi, RET—4% %
L a—4% (KEYENCE #%{GR-30000) ZH{ DA%,
¥y 3 v TEEER L T,

2 - 4 RBAE

%9, BEHEGT 2RO R EREOREICEE
Liztg, 7 7@ (DC2U4V) EH|AL, 77V
7 va vk =L ESERERITFICES,
WNT, £ ZEAENThoRE T2 OflE
BREICHRILYET, £ v a-7TESELE

- Edge Time _ /| \ __
18.00 ns

- High Level g—_\_—___-
+147 mV

- Pulse Width __/ '\ _ -LoLevel __ [\ _
460.0 ns » -147 mV

Fig. 2 Pulse setting on a function generator
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Fig. 3 Signal waveforms observed with an
oscilloscope, (a) when the transmission transducer
and the transducer acting as a receiver directly
contact each other, and (b) when the sample
duralumin of 23°C is put in between those.
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Table 2 Measured data for duralumin (A2017)

Temperature  Density  Length of sample  Time lag Sound velocity ~ Acoustic impedance
T(CC) oKg/m) L(mm) ti—t,(us) C,,(m/s) $x10°(Kg/nis)
2.3 2802 27.02 4.23 6388 17.9
23(Tp) 2798 | 27.03 4.25 6360 17.8
47.8 2793 27.06 4.27 6335 17.69
93.4 2784 27.07 4.33 6252 17.41
145 2774 27.11 4.37 6204 17.21
194 2765 27.14 4.49 6045 16.71
242 2756 27.17 4.65 5843 16.1
293 2746 27.2 4.77 5702 15.66
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Table 3 Measured data for stainless steel (SUS303)

Temperature  Density  Length of sample

Time lag

Sound velocity  Acoustic impedance

TCC) o0Kg/nt) L(mm) —to(us) C,,(m/s) ¢x10%(Kg/nfs)
o 7885 8.056 1.41 0709 45.02
20(T) 7880 8.05 1.43 5629 44.36
b4 - 7869 8.05 1.45 5652 43.69
105 7851 8.06 1.49 5409 ‘ 42.47
151 7835 8.07 1.56 5173 40.53
207 7815 8.07 1.65 4891 38.22
262 7797 8.08 1.74 4644 36.21
277 7788 8.08 1.85 4368 34.02

Table 4 Measured data for machinable ceramic (Mica ceramics)

Temperature  Density  Length of sample

Time lag

Sound velocity — Acoustic impedance

7(°C) o(Kg/nb) L(mm) —t(us) C,,(m/s) ¢x10°(Kg/nfs)
2.3 2738 27.96 5.27 ) 5306 14.53
28(T) 2736 27.97 5.33 5248 14.36
46.8 2734 : 27.98 5.33 5250 14.35
100 2729 27.99 5.35 5232 14.28
150 2724 28.01 5.3 5236 14.26
200.3 2720 28.03 5.37 5220 14.2
245.5 2715 28.04 5.41 5183 ) 14.07
270 2713 28.05 5.43 5166 14.02
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