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Design and Resonant Characteristics of the Ultrasonic Sensor
for Gas Flowmeter
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Abstract — In this paper, the ultrasonic sensor for gas flowmeter was simulated, fabricated and measured according to
the assembly step and the piezoelectric vibrator layers. The simulated resonant frequency and the measured resonant
frequency were similar except two layer sensor. The simulated resonant frequency of three layer sensor was 48 kHz
and the measured resonant frequency of three layer sensor was 45.2 kHz. From the results, the ultrasonic sensor for
gas flowmeter could be designed and expected without fabrication.
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Fig. 1. diagram of transmission time difference
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Fig. 2. Ultrasonic sensor model for gas
flowmeter
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Table 1 Material constants of ultrasonic sensor for gas
flowmeter
A = EU R
p(kg/m’)
et (10°® 7750
F/m) 151
en' (10°® 153
F/m) 12.1
cn® (10" N/m) 754
EC-65 e (10" N/mv) 11.1
(PZT-5A) | ey (10" N/mr) 752
cist (10" N/mv) 2.11
e (10" N/mv) 2.26
ces” (10" N/mv) 15.8
ess (C/m’) -5.4
es (C/m) 12.3
e (C/m)
p(kg/m’) 2139
Epoxy 48 E(N/m) 4.17x10°
G(N/m) 1.52x10°
er 2.3
p(kg/m’) 1.293
. dE EN/m) 1.49x10°
Air =
G(N/m) 1x10°
er 1.0
Stainless plkg/m’) 8470 10
Steel 48 E(N/m) 21.5%10
G(N/m) 8.39x10"

(a) St (b) S2 (c) S3
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Fig. 3. Ultrasonic sensor model with the piezoelectric
vibrator layers
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Fig. 4. Assembly step of ultrasonic sensor
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Fig. 5. Fabricated ultrasonic sensor with the piezoelectric
vibrator layers
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Fig. 6. Simulated resonant characteristics with assembly
step
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Fig. 7. Measured resonant characteristics with assembly
step
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Table 2 Resonant frequency with assembly step
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Fig. 8. Simulated resonant characteristics with the

piezoelectric vibrator layers
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Fig. 9. Measured resonant characteristics with the
piezoelectric vibrator layers
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Table 3 Resonant frequency with the piezoelectric vibrator

layers
s AEd ol A AT =3 A3
fr{kHz] fr[kHz]
S1 114 105.5
S2 85 62.7
S3 48 45.2
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