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Abstract — Ultrasonic sensors show various reception characteristics based on the density of the measurement
medium; hence, they are used in various fields to benefit from the characteristics of ultrasonic signals. In this
study, the reception characteristics according to the thickness of the first matching layer are compared and ana-
lyzed for application to gas tank microleak detection. Accordingly, three types of sensors are manufactured with
varying thicknesses of the first matching layer, namely 4.8 mm, 5.1 mm, and 5.5 mm; further, a direct mea-
surement method is used wherein the sensor is attached to the inside of the chamber. Experiments are conducted
to observe the phase change due to microleakage, which is the most linear in the sensor with the 4.8 mm thick
first matching layer. This is assumed to be the result of stable signal transmission and reception with little phase
deviations over time because the first matching layer is closest to the ultrasonic wavelength. The other sensors
show nonlinear results with increasing thickness of the first matching layer. Through this study, it is found that
appropriately selecting the thickness of the first matching layer of the ultrasonic sensor can greatly influence sen-
sor reliability.
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T : Transmission coefficient (F3A15%)
R . Reflection coefficient (FFAHAI)
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Table 1. Property of chemical wood(SP-170)

Material properties Value
Density (g/cm’) 0.65

Shore D hardness 75+2
Compressive strength (MPa) 51
Tensile strength (MPa) 37
Flexural strength (MPa) 50

Flexural modulus (MPa) 2,149
Acoustic impedance (MRayl) 1.85

Table 2. Property of ethylene-vinyl acetate

Material properties Value
Density (g/cm?) 0.92

Shore D hardness 67
Tensile strength (MPa) 51.0
Flexural modulus (MPa) 503
Acoustic impedance (MRayl) 1.69
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1. Computer 8. MFC
2. cDAQ 9. Chamber

3. Controller 10.Solenoid valve

4. Driver 11.Stepping motor

5. T-1 board 12.Air storage

6. Oscilloscope 13.Temperature sensor

7. MFC unit 14.Ultrasonic sensor

Fig. 1. Experimental system.
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Table 3. Specification of experimental equipment

Item Specification
Volume : 67 L

Material : Stainless

Chamber

Type : Ball-screws
Rod stroke : 0 ~ 530 mm
Pressure range : 0.3 ~ 10 kgf/cm’
Rated voltage : AC 220 V 50/60 Hz

Type : K-type

Linear motor

Solenoid valve

Thermocouple Limits of error: 1.1°C or 0.4%
Temperature range : -200 ~ 1250°C
. Sampling speed : 1 GSaps
Oscilloscope

Bandwidth : 70 MHz
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Table 4. Experimental condition

Parameter Value
Initial voltage 396 V
Initial frequency 84.7kHz

Pulse rate 3 Hz

Distance between sensor 85 mm
Charging pressure 5 bar
Micro-leakage flow rate 3.81 Liter/h
Sensor type 48, 5.1, 5.5
Experimental start temperature 24.5+0.5°C
Gas type Air
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Fig. 2. Phase shift of the sensor type 4.8mm envelope
signal filtered through Gaussian distribution.
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Fig. 3. Phase shift of the sensor type 5.1mm envelope
signal filtered through Gaussian distribution.
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