’m Check for updates

Trans. Korean Soc. Noise Vib. Eng., 33(1): 75~81, 2023
https://doi.org/10.5050/KSNVE.2023.33.1.075

0% FEHERNA WY H7)9] dolo] BE 28

tEa2tEgeE =2y M33A M 135, pp.75~81, 2023
ISSN 1598-2785(Print), ISSN 2287-5476(Online)

A%

Ultrasonic Propagation according to the Length of Wall Wedges
in a Linear Waveguide

ol Al -4 W QF
Jaec Hong Lee’ and Jin Oh Kim'

(Received December 6, 2022 ; Revised January 19, 2023 ; Accepted January 20, 2023)

Key Words : Ultrasonic Wave(Z=5-3}), Sensor(414]), Propagation(13}), Waveguide(ZFa-E2h), Wall Wedge(HH #|7)

ABSTRACT

This study focuses on the ultrasonic propagation along the wedge length of the wall in a straight

waveguide designed to reduce the minimum detection distance of an ultrasonic sensor for distance

measurement. Wedges are created on the waveguide wall to avoid ultrasound interference caused by

reflection on a smooth wall, and the wedge dimensions must be chosen carefully. The magnitude of

the ultrasonic signal was evaluated according to the wedge length in terms of the ratio of the target

reflection to the exit reflection while maintaining the wedge angle selected in the previous study.

The propagation of ultrasonic waves was studied using finite element analysis. The wedge length that

maximizes the magnitude of the ultrasonic signal was found to be similar to the wavelength. It was

possible to reduce unwanted reflection and increase target reflection by adjusting the waveguide wall

wedge length.
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Fig. 1 Schematic diagram of linear waveguides
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Fig. 4 Ultrasonic wave signals at various waveguides
obtained by analysis
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Table 1 Signal magnitudes of exit reflection and tar-
get reflection obtained by analysis

Al ti P
Wedge length coustic pressure [Pa] TER
[mm] Exit Target [dB]
reflection reflection
5.0 0.090 0.169 5.45
5.5 0.090 0.549 14.53
6.0 0.111 0.582 14.41
6.5 0.077 0.600 16.56
7.0 0.106 0.761 17.13
7.5 0.076 0.925 19.17
8.0 0.099 0.536 14.66
8.5 0.198 0.332 4.96
9.0 0.383 0.334 -1.175
9.5 0.694 0.442 -2.96
10.0 0.916 0.313 -9.34
! L]
L
14 2o
H a *
<, . ge
0® , 04
! VsVedge Length (mm) ’ ' K Wedge Length (mm] ° !

(a) Reflection at the exit (b) Reflection at a target

Fig. 5 Magnitudes of received signals after reflection
obtained by analysis

20

-10 i >
4 5 6 7 8 9 0 1
Wedge length (mm)

Fig. 6 Target reflection to exit reflection ratio ob-
tained by analysis
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Fig. 9 Ultrasonic wave signals at various waveguides
obtained by experiment

Trans. Korean Soc.

Noise Vib. Eng., 33(1) : 75~81, 2023 | 79



Jae Hong Lee ef al.;

Ultrasonic Propagation according to the Length of Wall Wedges in a Linear Waveguide

Table 2 Signal magnitudes of exit reflection and tar-
get reflection obtained by experiment

Signal magnitude [V]
Wedge length TER
[mm] Exit Target [dB]
reflection reflection
6.5 0.0278 0.098 10.94
7.0 0.0298 0.135 13.12
7.5 0.0295 0.173 15.36
8.0 0.0307 0.149 13.72
8.5 0.0316 0.102 10.18
0.2 0.2
201 5015 :
g 0.1 g 0.1
§0057 05)005
° 0 1 %5 6 7 & 9 10 1

5 6 7 9
Wedge length (mm)
(a) Reflection at the exit

Wedge length (mm)

(b) Reflection at a target

Fig. 10 Magnitudes of received signals after reflection
obtained by experiment
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Fig. 11 Target reflection to exit reflection ratio obtained
by experiment
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