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ABSTRACT

The paper presents a theoretical analysis on the propagation characteristics of the high-frequency

wave in an elastic waveguide whose diameter is less than or similar to the wavelength. The

theoretical results were verified by comparing them with the numerical results obtained by the

boundary-element method. The ratio of the waveguide diameter to the wavelength affects the number

of the existing wavenumber, and thus it affects the propagation characteristics. In the media with

attenuation, the trend is similar to that in the media without attenuation except the decreasing

amplitude.
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Fig. 1 Schematic diagram of a high-frequency actuator

FASUS TS =2W/A 209 A9 F,

- dee] dv 54

% s A9l A @7F e 2ol v
s} €.
p(r727t) = R(T’) Z(Z) eju)t (3)
A3)E Aol thgstel W Relsid g
TS det
&’z
2 + k}zZ— (4)
Z
R 1dR .5 o\, _
2 e TWoRR=0 )

714 ke w/c9l g (wavenumber)o|il, k& A

o el el A @l ot g

= Ae ™

WA A (5)9] sl T 2ol WA e
A,

23]

R(r) = B, Jy(k,r) + B, Y, (k,r) ®)

71N k& W W] sgoln, v s4Ee
o AAZE vk 2

A F(r=0) AAAA &
2 2 (®)°lA B,=0°]
A Fd €.

A0 E3hy AFEHe] AAZAS WY k

_q :F.‘Gl— ol
S 9FEs] AARA0R T S el
% e ARAARlE e S 24 3
™o

ol A4 A =7
HaEsel ] 5 %EM 9}% Aol 45
Ar=r)olA &5 p=0%) AAxAE

2010W3/817



Jo(kr,) =0 (11)
1A AANES mA B R BrlelMe] gAY
S 9FEWoe] Pue] Qi Aok 95w
(r=r)lH &% =081 24 27AS ALad o
o3} o] Hr}

i) =

o kT =0 (12)

2.2 H A o ®ao}

Labg dFHe] ArA A, A (11)S vk
= ko, #H 240, 552, 8.66, - o|t}l. oluf k,
G i WAS el 2 el 243
21 (9)E WS A4 (real number) H$IoA 1
NG Nol 75@%13}. e Hehdle A2 ey 2
o] ¥t}

o~

pret) = 33 oyl ) (13)
n=1

& Eo] AHe] Foli r,=1.5mmsl 953 &
oA 3ol 1.6 MHzZ Aute w), ke
1.60, 3.68, 5.77, - o|t}. AR 4 (9)E w3}
B kS k=160, k,=3.68°]3 N=20]t}. oy

2 (13)2 thg3} ol ek,

plrzt) = Cylk, )™

ot~ 2) 14

+ CyJy (K, or)e’

FAH(r=0) AN Qo] WP AE -9 o2

&9k UERIE Fig. 29k Pk 4 (1)1 ol

F 0 BAYE Bed) el 93 TRes

E‘_":% |

Sl L] *4( 1)4 A(10E BHIE kol

& $49 ol 24U HY ow oa;; S
H

Normalized Sound Pressure

40 60 80
Distance, z (mm)

Fig.2 Sound pressure variation along the central
axis of a waveguide when two radial wave-
numbers exist

Table 1 Radial wavenumbers according to the radius
of the waveguide cross-section for the free
circumferential surface

ro/A K, a0 k. a0
n=1|n=2| n=3 | n= n=2 | n=3

0.53 | 2.40 2.34

1.07 | 2.40 5.52 6.25 3.80

1.60 | 2.40 5.52 8.66 9.75 8.25 5.1

Table 2 Radial wavenumbers according to the radius
of the waveguide cross-section for the fixed
circumferential surface

ro/A K nTo k, nT
n=1|n=2| n=3 | n= n=2 | n=3

1.07 | 3.83 5.49

1.60 | 3.83 7.02 9.30 7.20

1.86 | 3.83 7.02 10.12 | 11.08 | 9.40 5.83
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Fig. 3 Sound pressure along the axis of a waveguide
when one radial wavenumber exists

Normalized Sound Pressure

0 20 40 60 80
Distance, z ( mm)

Fig.4 Sound pressure variation along the central
axis of a waveguide when three radial wave-
numbers exist
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Fig. 5 Sound pressure variation along the central @) (b) ©
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