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ABSTRACT

A Study on Analysis of Dynamic Characteristics

for Ultrasonic Transport System

By Shin Sang Moon
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

Methods of major transport system used in many dtigiufield are conveyor belt,
magnetic levitation system and indexing systdmis an indispensable device in
many fields and especially it is very important time factory automation. As the
information and telecommunication industry staxdsdevelop, the semiconductor and
the optical industry are growing. In recent yedtse faster network is required, the
more demand of optical components is growikipwever the conventional transport
system is not adequate for transporting the p@tisbptical component and the
semiconductor.

Since the magnetic fields cause damage to semictodand the contact force
can cause scratch on the optical lens, the newspgoah system for transporting the
optical component and the semiconductor without agen is required and the

ultrasonic wave transport system has been propogedreplace the previous

- Vil -



transport system. Actuators using the ultrasoniovevhiave been examined mainly
in the USA and Japan since 1980. So far, most esudiiave developed for the
purpose of reducing motor noises.

In this thesis, the object transport system using tltrasonic wave is developed
for transporting precision elements without damag@eo ultrasonic wave generators
are used. It consists of the piezoelectric actuatehich uses the bolted
langevin-type transducer(BLT) and the horns. Th&asbnic transport system is a
device that transports objects on the elastic baodijng ultrasonic wave. When
ultrasonic wave is applied to flexural beam, thexdiral beam vibrates to excite air
layer, which lifts up the object on the beam tonsort.

The principle of the object transportation is sanilto the ultrasonic motor. The
traveling wave which is produced on the flexurakrdoe consists of the longitudinal
wave and the transverse wave. Traveling wave of uli@sonic transport system is
theoretically analyzed. To observe a modeling eqoatfor the vibration
displacement of the flexural beam excited by twode® with the same frequency
but a phase difference of 90the normal mode expansion is used. The modeling
equation on steady state response of ultrasonicatiom is expressed and natural
frequency of flexural beam in each mode is alsoimeded using the
Euler-Bernoulli theory. In addition, the transpatirection of objects depending on
phase difference and frequency is theoretically lyaed and is verified the
theoretical results by experiments. The optimalvdliag frequency to generate

traveling wave on the beam is measured.
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(b) Excitation

Fig. 3-7 Traveling Wave on Flexural Beam
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Euler-Bernoulli Assumption Timoshenko Assumption

Fig. 3-8 Two Assumptions of Beam Theory
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el @
where p : &4 9% (Mass Density of Flexural Beam)
A &4l o] v A (Cross-Sectional Area of Flexural Beam)
E &4 A4(Young's Modulus)
I : ¢ =9 E(Cross Sectional Area of Moment)
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Table 3-2 Input Conditions for FEM Analysis

Flexural Beam

Mesh Type Solid Mesh
Element Size 0.003 m
Mesh
Nodes 5534
Elements 668
Material Elastic Modulus 6.8X 10° Pa
Properties . . .
Poisson's Ratio 0.33
(Duralumin sson s !
7072) Density 2720 kg/m®
Boundary . Slide( -, 0, -)
Constraint
Condition in 2 Side Surfaces

Displacement (m)
x,y,2)=(-0,-)

Fig. 3-12 Constraint Conditions of Flexural Beanmr fdodal Analysis
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Table 3-3 Natural Frequency Obtained by FEM Analysi

n th Mode Frequency (kHz)
32 19.5
33 20.9
34 21.2
35 22.4
36 23.9
37 25.5
38 26.5
39 27.1
40 28.7
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(g) 38" Mode (h) 38" Mode

(i) 40" Mode
Fig. 3-13 Mode Shape from %2to 40" Mode
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Table 3-4 Natural Frequency Obtained by FlexurahrBeTheory and FEM

Frequency (kHz)
n th Mode

Theoretical FEM
26 19.1 19.5
27 20.6 20.9
28 221 22.4
29 23.7 23.9
30 25.3 255
31 27.0 27.1
32 28.7 28.7
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Transverse Wave

Longitudinal Wave

Phase Difference : 4
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Fig. 3-15 Elliptical Motion of Particle on Flexur&eam with respect to

Phase Difference
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Fig. 3-17 Velocity according to Phase Difference
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Table 3-5 Direction Change of Object in Case 1

Phase Difference Direction
0°~ 70° -
80° 0
90°~ 220° +
230°~ 320° 0
330°~ 360° -

Table 3-6 Direction Change of Object in Case 2

Phase Difference Direction

10°~ 30° -

40°~ 140°

150°~ 270°

o+ | O

280°

290°~ 360° -
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Table 3-8 Wave Propagation Direction according ignSof A, B, C, D

No. | A | B Pro\é\z/ﬂ%\;etion c | D Pro\é\gﬁion Transport
Direction Direction Direction

1 + + -> + + & Standing Wave

2 + + - + - -

3 + + - - + - -

4 + + - - & Standing Wave

5 + - = + + = &

6 + - = + -> Standing Wave

7 + - & - + -> Standing Wave

8 + - = - = &

9 - + = + + = &

10 - + = + -> Standing Wave

11 - + = - + -> Standing Wave

12 | - + = - & &

13 - - -> + + = Standing Wave

14 - - - + = -

15 - - - - + =4 -

16 - - -> - & Standing Wave
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Table 3-9 Wave Propagation Direction according he Sign of Standing Wave

Simulation Frequency (kHz) Wave Wave
A| B| Propagation| C| D| Propagation
No. Wy | Wyyp | W Direction Direction
26 19.1 20.6 198 | +| - «— - - <«
27 20.6 221 21.3| +| + — -+ N
28 221 23.7 229 +| - «— - - «—
29 237 | 253 | 245 +| + — B -
30 25.3 27.0 26.2) +| - «— - - «—
31 27.0 28.7 279 +| + — -+ N
32 28.7 30.5 29.6| +| - «— - - <«
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Fig. 3-23 Wave Propagation Direction in"3&imulation Condition
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Table 3-10 Direction Change of Object at Phase ebéffice 30°

Frequency (kHz) Direction
25.7 ~ 26.2 +
26.3 ~ 26.9 -
27.0 ~ 27.9 +
28.0 ~ 28.1 -

Table 3-11 Direction Change of Object at Phase eéfice 140°

Frequency (kHz) Direction
256 ~ 26.1 -
26.3 ~ 26.9 +
27.1 ~ 27.8 -
28.0 ~ 281 +
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Table 3-12 Wave Propagation Direction

Wave Propagation

Direction

Frequency (kHz)

26.2
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Whn+1
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Simulation No.

30
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(a) Transport Process of Optical Lens

(b) Grasp Process
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(c) Inspection Process

(d) Transport Process

Fig. 4-5 Simulation of Pickup System
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Table 4-1 Traveling Range and Velocity of Stage

Stage Traveling Range Velocity
Z-Stage 12 mm 6 mm/s
X-Stage 6 mm 4.5 mm/s

Rotational Stage 90 deg 22 degl/s
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Table 4-2 Features of Motors for Rotational Stage

Motor Stepping Motor Rotary Motor
Quantity 3 EA 1 EA

Step Angle 0.072pulse 0.0036/pulse
Traveling Range 30mm 360
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Fig. 4-9 Photograph of Pickup Device
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(a) Outer Fit

(b) Inner Fit

Fig. 4-10 Control Box for Pickup System
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Fig. 4-11 Photograph of Optical Element Transpoyst&n using Ultrasonic Wave
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