d Al

EX
=

419

/)\t:

=5
|

—~m




20014 124¥ 26%




ADSEract  wereeeereeerereecseennecenaes

2. 44 AEAY FA A5 Ao 9

(NIC) B2 0] HG oo
21 Fdydx gz

22 EAAG A 0] Q] cerererrremreririiiirneeree e oeecnasessnneas

!

r ]
o
ue
H
an)
>
-

23 NIC 327} 89 3A2F ¢ Wdr)9 PSpice Model ++vweee»e
o2

231 Modeling Methods +---+-s+=e--
24 NEHIA 2 A uhy
25 AEo)H 2 AY Az

251 49 7] ol=ujE~

252 YAl YaLE

20
e
A
.

M
.
[y

PN

© & @

1

N

15
18
T
91
I I Y R L LI S DT I S —
31 B8 AN FZ D EZF Q] ceeeeeereeeieneeieeent e eeenn een e

= 26

cee ...28
31

---3]

23

25

36

37

.41

43



A Study for Characteristic Control of Piezoelectric Transducer and

Sensitivity Improvement of Flexural-Type Ultrasonic Sensor

Young-In, Ko

Interdisciplinary Program of Acoustic and Vibration Engineering, Graduate School.

Pukyong National University

Abstract

The mechanical quality factor of a piezoelectric vibrator with divided electrodes is
improved by adding a NIC (negative impedance converter) circuit. However, with respect
to design and performance analysis, more study about the coupling effect of the
mechanical characteristics of the vibrator and the electrical characteristics of the NIC is
needed.

In this paper, we newly propose a simulation model combining the modified Redwood
equivalent circuit for the vibrator and the NIC circuit. The model is based on a
simulation model for a single element piezoelectric vibrator, and a popular circuit
simulation program of the PSpice is employed. The output mechanical characteristics on
the acoustic port can be obtained by using the model. We apply the proposed model to
analyze the electro-mechanical characteristics of a transverse mode piezoelectric vibrator
with divided electrodes and the NIC circuit, and investigate its efficiency by comparing
with experimental results. And also, by adopting the method to a flexural-type
piezoelectric sensor, the receiving sensitivity of the sensor can be improved, and its

capability is confirmed by experiments.
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Fig. 1 (b) Block diagram of NIC circuit



22 F2AF Ao dg

Veweln, 2-2° T NIC sl=9 g&slo) gbd Mee ABe] 27
FE Aoists AlojRg Yehdh WEAY Aojw] Agatr] A NIC
325 Fig. 3% 2ol T o Nz g

R
Y1N=——§;—{J'wcs+ ]% } (12)

4 1214 R¥Y RE 2L oz Ful NICH=9 9= ojsuega

rir

—joCs—(1/Rs)% EHH7] wl&Fol o] negative elementsE 7} A=}

=

=
dstd Fig. 4 (b) A4 BEF o] -Cd’d -R0] AEA] ya AA
Iz tebdth 1822 NIC 329 negative elements 7F ZEx}e] 23
Aol AFAEE R} ASEF Cd2” & AATGozN A5 TAAS

2 (133 o] mdA 4 Yok

i,

rir

_ __wL
Q= R (13)

ek 2 (1) 258, NIC 3129 negative elementsE A3 2% a0



2R e FHAATE Ao

b
32
dlo
o
152
+
32
v

Control port

. 2
NIC
circuit
Y
_____ . 2
AN
3
(a)
R L C
- - >
cdl = —e )
PR o, o 27
N
(b)

Fig. 2. Transverse mode vibrator with divided electrodes

_10_



Fig. 3 Construction of NIC circuit
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Fig. 5 Lumped segment of the lossy trasnsmission line
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Fig. 6 Piezoelectric vibrator with NIC circuit
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Table 1. The constants of piezoelectric vibrator

Items

Values

Center frequency
Density

Phase velocity
Length

Width

Thickness

4198 Ktz

7176.57 kg/m?

2843.08 m/s
3390 mm
6.0 mm
0.35 mm

Table II. Constants used in PSpice similation

hkems Values
Rg 50 Q
Co 10 nF
Cs 12 nF
Zair 1.469 m Q2
N 0.008

R1, R2 15 kQ
R 41 Q
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Table M. Comparison of the quality factor

Origin value (without NIC) | Maximum value (with NIC)

Quality

23.2 1961
factor
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Particle Velocity Ratios [v/v,]
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Fig. 12 Particle velocity on vibrating surface
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Fig. 13 Construction of ultrasonic sensors
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Table IV. Equivalent circuit constants of ultrasonic sensor with
separated electrodes.

ltems Values

Center frequency fo 43.03 kHz
Equivalent resistance A 2.61 k&
Equivalent inductance (£ 342.17 mH
Equivalent capacitance C 39.20 pF
Damped capacitance Cd'7 1.02 nF
Damped capacitance Ca? 816.77 pF
Transformer ratio N 3.39
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