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Development of the Ultrasonic Sensor for Gas Flowmeter

Jae-ll Hong. Sang-Cheol Lee
Dept. of Electrical Information Control, Dong Seoul College

Abstract - In this paper, the ultrasonic sensor for
gas flowmeter was simulated, fabricated and measured
with assembly step and piezoelectric vibrator layers.
The simulated resonant frequency and the measured
resonant frequency were similar except sensor 2. The
simulated resonant frequency of sensor 3 was 48 kHz
and the measured resonant frequency of sensor 3 was
452 kHz. From the results, the ultrasonic sensor for
flowmeter could be designed and expected without
fabrication.
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Fig. 1. Ultrasonic sensor model for gas
flowmeter
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Table 1. Material constants

gas flowmeter

of ultrasonic sensor

A 8 3 = s
p(kg/m’) 7750
€' (10 F/m) 151
en’ (10 F/m) 153
cu® (10 N/m) 12.1
ci2” (10" N/mt) 7.54
EC-65 |cs® (10" N/m) 11.1
(PZT-5A)| cis® (10" N/n) 752
cad® (10" N/m) 2.11
cess (10" N/m) 2.26
ess (C/m') 15.8
est (C/m) -5.4
ers (C/m) 12.3
pkg/m’) 2139
A8 EIN/m) | 4.17x10°
Epoxy GON/m) | 1.52x10°
€ 2.3
plkg/m’) 1.293
Air 48 ENN/m) | 1.49x10°
G(N/m*) 1x107°
£, 1.0
Stainless pkg/m’) 8470
48 EN/m) | 21.5x10%
Steel G(N/mf) | 8.39x10"
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Fig. 2. Ultrasonic sensor model with the piezoelectric
vibrator layers

22 23 uatd Mo H =t
(1) B=F : AAHEE o] &5t EC-656 &AA g &
4e YdASFA HF},
2) A8 @ FEETYG2E o]fsld €EY FHEH
Hol 1 ton/ene] FHOoE AE A I3}
(3) 24 : /‘é?‘“ﬂ A A2 1200TC 9 A712A
2A1ZF F <
4) &= 3% { AEA FJetde] 2H4FTS =
X3} 120°C91 A2 2= of) A A A
30kV/cm=2 &35t 4AALE ZA I
5) ¢AAFA —’1% AR EA 3NE B W
B2 3t =AY HAAR sMgEte] H &3
6) AA 29 FAAFT A A o F
(matching layer)& 29 =

& dHdso YA A& Yo T
A5 X" ZF(potting layer)22 Aq$u PL YA
I Rig=

aF 3L AA Z% FARANA GAEE AL AR o]
. 28 3@t AFE dAIFHoH

l~>
rsL'
n

PHAEAG AHEol AUl A=AE QAT ¥
golw 29 3(0r 2ddz d$AEe ¥u UL

R aste] 9@ Aol

A

i
(a) FHATA

(c) ¥4 d AA

¥ 3 2T AAY =9 T4
Fig. 3. Assembly step of ultrasonic sensor
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Fig. 4. Fabricated ultrasonic sensor with the
piezoelectric vibrator layers
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Fig. 5. Simulated resonant characteristics with
assembly step
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Fig. 6. Measured characteristics with assembly
step
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Table 2. Resonant frequency with assembly step

. A& ol A A = I

i fr[kHz] fr[kIz]
c 53.2 46.2
mc 51.85 445
mch 49.15 44.0
mchp 47125 447
sensor 478 459
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Fig. 7. Simulated resonant characteristics with the
piezoelectric vibrator layers
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Fig. 8. Measured resonant characteristics with the
piezoelectric vibrator layers
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Table 3. Rescnant frequency with the piezoelectric
vibrator layers

NE AEgdHoAdH | A An
frikHz] fr{kHz]
sensorl 114 1055
sensor2 35 62.7
sensor3 48 452
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