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ABSTRACT

This study investigates the ultrasonic transmission and reception characteristics of an ultrasonic sensor
combined with a horn guide to improve its acoustic directivity. Because an ultrasonic sensor with better
directivity can measure longer distances, the purpose of this study is to determine the length and angle
in the design of a horn guide to be combined with an ultrasonic sensor, which provides the best trans-
mission and reception directivity. Finite element analysis and experiments were conducted to evaluate the
ultrasonic transmission and reception characteristics of the horn guide. For the sensor with a driving fre-
quency of 30 kHz, angles of 10°, 20°, and 30° and lengths of 10 mm, 20 mm, 30 mm, 40 mm, and 50 mm
of the horn guide were considered. The commercial program ANSYS was used for sound pressure anal-
ysis and the results provided the axial sound pressure level and the beam pattern of the ultrasound at a
specified distance from the sensor according to the horn guide geometry. In the experiment, the ultrasonic
sensor with horn guide transmitted ultrasounds and measured the sound pressure of the ultrasounds re-
flected from a cylindrical wall. The results of the finite element analysis and the experiments showed that
horn guides with an angle of 20° and a length of 50 mm exhibited the best transmission and reception
performance. Experimental results of the ultrasonic sensor with a horn guide of this dimension were com-
pared with the case without the horn guide, and it was confirmed that the angle of the nodal plane in

the beam pattern was reduced by as much as 30 %, and thus the acoustic directivity was improved.
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Table 1 Sound pressure and sound pressure level at
0.3 m in the central axis (angle 20°)

Horn guide length | Sound pressure Sound pressure
(mm) (Pa) level (dB)
10 87.2 129.8
20 108.4 131.7
30 169.7 1357
40 251.8 139.0
50 331.1 141.4
No horn 108.0 131.6
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Fig. 11 Sound pressure level distribution according to
horn guide angle (length 50 mm)
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Fig. 12 Sound pressure along the central axis (horn guide
length 50 mm)

Table3 Sound pressure and sound pressure level at

Hom guide length Beamowi dth Directiviy Dircctivity 0.3 m in the central axis (length 50 mm)
(mm) O index (dB) Horn guide length | Sound pressure Sound pressure
10 49.7 7.5 8.8 (mm) (Pa) level (dB)
20 9.0 11.9 10.7 10 301.8 140.6
30 7.7 33.8 15.3 20 331.1 1414
40 7.0 67.6 18.3 30 273.2 139.7
50 6.5 97.0 19.9 No horn 108.0 131.6
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Table 4 Beamwidth, directivity, and directivity index
according to horn guide angle (length 50 mm)

Horn g(uni];i;le) length Bear?v)vidth Tttty Eg:;:tl(\g]tg};
10 11.0 91.3 19.6
20 6.5 97.0 19.9
30 5.7 69.1 18.4
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Fig. 14 Horn guide specimens made by a 3D printer
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Fig. 15 Configuration diagram of transmission test instru-
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Fig. 19 Configuration diagram of reception test instru-
ment
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and reception test

Sensor Output (V)

15

1

) IIII

° .l..- [T

30° 20° 10°|30° 20° 10° 30° 20° 107 30° 20° 10°|30° 20° 10° No

50 mm 40 mm 30 mm 20 mm 10 mm hom

Fig. 24 Output voltage of ultrasonic sensor at the trans-
mission and reception test according to horn
guide dimensions

g 14 WA SYsn. £
Foll w3 AR Fig. 279 LS.
= tol=7} gl 9ol W %
| 2% Fasink

N o
Q2 O
R 2
3
o (.
Z*N
or}01

Ultrasonic sensor (ISTec) '
PVC Pipe
(Diameter 76 mm) N
Distance (1 m)
- E— )

: Development Kit
(AirMar T-1)

| Oscilloscope

o

(Tektronix PWS2323) DC 12\

Fig. 25 Configuration diagram of beam pattern measure-
ment instrument

240 R 300 20 300

(a) Horn (length 50 mm,
angle 207)

Fig. 27 Beam patterns according to the presence or ab-
sence of the horn guide

(b) No horn

79t &

Aokl ek 58 Aot 488

Trans. Korean Soc. Noise Vib. Eng., 29(3) : 379~388, 2019 | 387



Sung Gu Lim et al.; Acoustic Directivity of an Ultrasonic Sensor Depending on Horn Guide Dimension

=39 30 kHz, € 7tol=9] Zhe 107, 207, 30°9} 4
o] 10 mm, 20 mm, 30 mm, 40 mm, 50 mmE A<
2 33t

[e)
& SURES Toha, olziE W Al PP
AEstel wastdleh. ANE1E 1ZH] 98 3D
TRAHE E JbolE AAES AREte] 48L 5
CEol $E 293 ANE Agde] 200
ek QAAZNA S 2S4S 54
gk slsdste] goka AR WSS 2|

[o &
T

R

filo Ay
N
2ol et 3oL ofy 32

N o

N

%
J o ke

N
X
X3
[
N
A
N
=

References

(1) Kim, J. O., 2000, Sensors and Actuators Using
Ultrasound, Journal of the Korean Society for Noise and
Vibration Engineering, Vol. 10, No. 5, pp. 723~728.

(2) Seon, S. O., Kim, J. O., Chae, M. K. and Yoo, G.
S., 2018, Acoustic Characteristics Depending on the Vibra-
tion Distribution of Ultrasonic Sensors, Transactions of the
Korean Society for Noise and Vibration Engineering, Vol.
28, No. 4, pp. 490~500.

(3) Choi, Y. K., Choi, U, S. and Song, J. B., 2009, Ob-
stacle Avoidance of a Mobile Robot Using Low-cost Ultra-
sonic Sensors with Wide Beam Angle, Journal of Institute
of Control, Robotics and Systems, Vol. 15, No. 11, pp.
1102~1107.

(4) Lee, J. L., 1997, Ultrasonic Waves and Its Usage,
Sehwa, Paju, p. 114.

388 | Trans. Korean Soc. Noise Vib. Eng., 29(3) : 379~388, 2019

(5) Ju, X, Gu, L. and Dong, X., 2014, Application and
Research of Ultrasonic Homn in Ultrasonic Ranging System,
Sensors & Transducers, Vol. 170, No. 5, pp. 60~66.

(6) Lim, S. G. and Kim, J. O., 2018, Acoustic Directi-
vity of an Ultrasonic Sensor Depending on Horn Guide
Shape, Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 28, No. 6, pp. 707~712.

(7) Kinsler, L. E., 1999, Fundamentals of Acoustics, 4th
edition, Wiley, New York, pp. 171~193.

Sung Gu Lim received the B.S.
degree in mechanical engineering
from Soongsil University in 2014.
Since 2017 as a graduate student at
Soongsil, he has been working on
ultrasonic sensors and wave pro-

pagation.

Jin Oh Kim received the B.S. and
M.S. degrees in mechanical engineer-
ing from Seoul National University
in 1981 and 1983, respectively, and
the Ph.D. degree from University of
Pennsylvania in 1989. For ten years

A
Korea Research Institute of Standards and Science, North-
western University, and Samsung Advanced Institute of

he has got research experiences at

Technology. Since 1997, he has been working at Soongsil
University, where he is currently a Professor of mechan-
ical engineering. His research interests are in the area
of ultrasonic sensors and actuators using mechanical vi-

brations and waves.



	초음파 센서의 혼 가이드 치수에 따른 음향 지향성
	ABSTRACT
	1. 서론
	2. 이론적 배경
	3. 유한요소 해석
	4. 실험
	5. 결론
	References


