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A Study on the Vibration Characteristics in Ultrasonic Levitation System
according to the Circular Plate

SangHwa Jeong*, SukBong Choi” KyoungRae Cha®, HyunUk Kim", GwangHo Kim',
JuneHo Park’

! Abstract l

In the semiconductor and optical industry the non-contact transportation is required for reducing the damages. The ultrasonic
levitation is the solution of the problem. In this paper, the ultrasonic levitation system and 3 disk-type stator for levitation
various object are proposed. The vibration modes of disks are analyzed with FEM and designed with the analysis results.
The 3D vibration profiles of the disks are measured by Laser scanning vibrometer for verifying the vibration characteristics

of the system. The amplitudes of the disks and the levitation heights of object are measured for evaluating the performance.

Key Wonds : Ultrasonic Levitation, Vibration Characteristics, Ultrasonic Transducer, Mode Analysis, Laser Scanning Vibrometer
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Table 1 Mode in 28 kHz

Plate 1 Plate 2 Plate 3
Mode 12 12 10
Frequency | 27.885kHz | 26.878kHz | 26.946kHz
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Fig. 2. Frequency Analysis of Plate 3
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Fig. 3. Experimental Apparatus for Ultrasonic Levitation

Fig. 4. Measurement of Circular Plate using Laser Scanning
Vibrometer
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Fig. 8 Vibration Characteristics of Plate 1 in 27.8kHz

Displacement(ym)

3
-~ High
. / - Low
1 .,”//
0 s
24.7 208 28.9 29 29.1 29.2 24.3
e——
-1 -\
-2 \ -
]
-3

Frequency

Fig. 9. Change of Bandwidth according to Frequency in Plate3



—Point 1

2. - Point 2]
‘T A o
“\MJ/A_Y‘;.\‘ .!/\A - -+ Point 4

N '
v}

Displacement(um)

|11
<]

WA

1Y

)
3 H
01015 02 025 %3

Rl I R

.3
-1 7

X Position(mm}

(a) Maximum Amplitude

1.5

I N N

/
B s g
AON

Dlsplacement(um)
N
=

- -1_'5 I‘/\"'\\\Y }7'] \/V —Pofnn

2 L
/ (Y ——Point 2
-2.5 ~- Point §
— Point 4|

X Positionfmm)

(b) Minimum Amplitude
Fig. 10 Vibration Characteristics of Plate 1 in 29.2kHz

4. YHSYH MAMoll 2fst S0|E TEFE

2897t HAE ff ZeolES A% ¢ F71E &4
37) g3 AAEFE W AAME g A
£ Zdjo|E YRA®e] F4oltt Fig. 11(a) EHolE
19] 23278 et Aojct. YYHSE 28.8 kHzol A
2.96um 2 A2 Yetytth Fig 1i()e EAE2 F
ARl AFHYE vebd Zolc}. 27.8 kHzol A izt
4.8pum§ Yetdltt Fig. 11(c)= SH0|E 39 A5FH
£ ekl o2 288 kHzolA 2.03umE el

- 368 -

Displacement(ym)

Displacement(,m)

Displacement(ym)

-3.50
-4.00
-4.50
-5.00
-5.50
-5.00
-6.50
-7.00

-7.50

-1.00

-2.00

-3.00

-4.00

-5.00

-6.00

-7.00

0.00

~0.50

=1.00

-1.50

=2.00

-2.50

A A AN A A
A AN A A A
TV Iy T v i vy
RN EYERYRYEN
VERYERYERYERVYARY
Vv y VvV 'V ¥
AN NN
ANANANEWA
AERFEYEYE
VERVERVERVERVARY
(b) Plate 2
A A A AN A A
WANANANANA
TRYRYRNATA
VARV,

Time(1/10000sec})

(c) Plate 3
Fig. 11 Vibration in Center of Plate



5. 524} 20| 59

2872 EA7} 842 o SdolE JHEE Hd 7Y

Astgich. 2AAME HojA HAMAME o] &3
th AMgE B4 0.25g9 ¢F ol duolrh. Plate 294
ammz P 2 ¥AEolE dehies Plae 194
2.5mm, Plate 3o]4 1.5mm& &A=

4.5
4 x
*
3.5
E 3 N
£
co2s =
- :
g .
4 &
*
0.5 {—
o
Disk 1 Disk 2 Disk 3

Fig. 12. Levitation Heights according to the Circular Plate

6. 88

B Ao e L2t Fazte] FHE o) of
43tz 250 33 Ao e AFeidnt 25 ¢
A2 250E AFAA ol EXE FINE €8 &
HolES NPT FEaLHHE F3) NF REE T
ohsiqdt fEasdd Ane EQE FAEN det 2
A mtgo] Defof 3lmz A7HA| el U¥ EHolEE 4
Astgct. Ex7t 242 o A% EA4E FristuA A
Z0|E EHO| AFHNE 374 FojA AFFH7IE A
&3t 24stqlch 2423 S0 1904 28.9 kHzof
A A A2 yeblon] E0]E 204 27.8 kHz, 1
21 Zo]|E o)M= 29.2 kHzolH 7H 2 AES Ye
Wk 222 ZFolE W} Yue) AF ZTEads sord
£ Ak EdolEQ] FAE Woe BAELFY AME of
L3lo] 243 AG. AN SR W9 Adigk2 &
#olE 19] 3¢ 2.96um, Zo|E 29| Hp4.8um 18
T Ed0|E 39 A 2.03umE SHHUAT BA T=
ol FojA WHAMAME o] &3t ZH= U= E0E 2
oA 78 &2 HAEol mmE EJL ST0IE 1044

2.5mm, E0|E 3014 1.5mme} $4Hsolg Uehyrt. of
2H 24zl WA UEe| 379 vjARE L 4 U
A,

71

o

B A7t QAR AduA apAe) 9 A
20 o +3=1%8

#3028

(1) S. H. Jeong., B. S. Shin,, 2003, A Study on the
Relationship between Flexural Beam Shape and Transport
Characteristics for the Ultrasonic Transport System, Proc.
KSMTE Autumn Conference, pp. 25-29

(2) S. H. Jeong.,, T. H. Kim,, B. S. Shin,, and K. R.
Cha., 2003, A Study on Object Transport System using
2-Mode Ulirasonic Wave, Proc. KSPE Spring
Conference, pp. 1170-1173

(3) E. Matsuo., Y. Koike., K. Nakamura., S. Ueha, Y.
Hashimoto., 2000, Holding characteristics of planar
objects suspended by near-field acoustic levitation,
Ultrasonics 38, pp. 60-63

(4) B. G. Loh,, and P. 1. Ro., 2000. Changing The
Propagation Direction Of Flexural Ultrasonic Progressive
Waves By Modulating Excitation Frequency, Journal of
Sound and Vibration, 238(1), pp. 171-178

(5) Byung-Gook Loh,. and Paul 1. Ro., 2000, An Object
Transport System Using Flexural Ultrasonic Progressive
Waves Generated Two-Mode  Excitation, IEEE
Transactions On  Ultrasonics, Ferroelectrics, and
Frequency Control, 47, pp. 994-999

- 369 -



