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High power ultrasonic application using a multi-mode ultrasonic transducer
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Near-field acoustic levitation (NFAL) is one of the high-power ultrasonic applicat

ions that are based on the nonlinear phenomena. The NFAL enables non-contact transportation by levitating
kg-order objects. Until now, various NFAL researches had been reported; however they used only the simple
sinusoidal vibration wave for a levitation force.
In this stud¥, we propose to utilize various wave forms to improve NFAL performances. For this purpose, ne
w designed ultrasonic transducer was fabricated, whose resonant frequencies ratio can be controlled precis
ely, f3/f1 = 2. Using this transducer, fundamental and second vibration modes are easily combined. From th
e experimental results, we confirmed the nonlinear bulk modulus of air contributes to NFAL significantly a
nd found the appropriate model using Poisson®s law. According to this calculation, it was clarified that t
he form controlled wave is effective especially in the case of highly-loaded conditions.



1:2

1:2

0.1 mm
f; / f;  0.001

fa/fy  2+0.003

Fig.1

7.3 mm

/£,=2.001

Resonance frequency ratio (f3/f1)

Fig.1 Fig. 1
144.8 mm
25.9 mm

Fig.2
f3

23

2.25

2.2

1 2 3 4 5 6 7
Thickness of additional ring [mm]

1:2

Fig.3



Displacement [pum]

V(X,t)

p

vo(t) = v4 cos(wt) + vycos(2wt + ¢)

p
P ( v )2 (1 sin2k1h>
P= 3 \snkn) 27 akn
+1< 2 )2 (1 sin2k2h>
2 \sink,h/ \2 4k,h
PVY = const.
Y
14 6.1)
PO AP VO
AV
AP = —9

2 Fig.4

Pressure [kPa]

0 45 9 135 180 225 270 315 360

Phase [deg.]
Fig. 4
100 ! :

v | —— 15t [kPa]
— 80 =— 3rd [kPa] i
& v 3 == == |+3(previous model) [kPa]
> [ P mm— 1+3(proposed model) [kPa]
S 60 Y ¥
2 [ : ‘ : : ‘
5, '|| : ; 3
Qa0 - ) —
YN
3] Y
< NS

30 40 50 60 70 80 90 100

Gap [pm]
Theoretical average pressures
Ist mode: 10 pm, 3rd mode: 10 um

Fig.5

Fig.5

1:2



25
, pp.120-121,
(2013.05.15)
2. R n

" 2013
, P55,
(2013.03.13)

http://www.ems.k.u-tokyo.ac.jp/morita/

ey
MORITA, Takeshi

60344735



