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ABSTRACT

This paper deals with acoustic directivity according to vibration displacement distribution of ultra-

sonic sensors for distance measurement. It is necessary to determine the vibration displacement dis-

tribution improving the directivity because the measurable distance is longer with better directivity,

which depends on the vibration of the ultrasonic sensor’s housing plate. Directivity for circular hous-

ing plate with uniform vibration displacement distribution was theoretically expressed. Vibration dis-

placement distribution and acoustic characteristics of real ultrasonic sensors were obtained by finite el-

ement analysis. Functional distribution of vibration displacement and sensor symmetry were considered

in the analysis. As the vibration displacement distribution is gentle and approaches the uniform one,

the ultrasonic sound pressure level in the direction of central axis is large and acoustic directivity is

good. We have achieved the basis of improving the acoustic directivity for design of long-distance ul-

trasonic sensors.
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Table 1 Air properties and disk specification

Parameters Values
Air Mass density, p 1.2 kg/m3
Sound speed, ¢ 343 m/s

Disk radius, a 7 mm

Disk Frequency, f 50 kHz
Vibration amplitude, U 10 m/s
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Table 3 Beam width and directivity around 100 mm
distance from the vibrating plate

Two-sided
symmetric
Major | Minor
axis axis

306 | 48.6
7.8

Uniform | Axisymmetric

30.8
19.7

Beam width, 6(°)

Directivity, D

[
rg
<
—Hz
2
Lo
Q.
o,
o,
o

o2
&
9

jints
~~
3

8.
=N
o

S
¢]

N
lo,
—_
()
X

-
N oX,
k1
il
i
0a

o

T
ox,
to,
ol\
It
N
ot

Nl
op
£
K

=
2
&
=
N

cled ATE A
ki=

=X

o=

u

fo
o P

Qo 2 ol

cy
=]
]

B

dlo

=

=
o

=

o S

A
)
e

oL
o o
N
L
X
fil
2
N
Au)

[N
ol
%o, 1B
>

c

o

opr 1
>,
o X PN o

[N

o,

o
e

o
[ )
do >,
N
ACH
It
E
o
>
)

8

2 by
2 do
X
r__)‘l_ll
2
2 To

dlo
o
[\
o qf
ofr
ol
2
ful

0;

=
o)
rir
)
ofr
ol
f
ofr
%9
oo
dlo

=l
2,

0_5‘5_4 e 2
&

>,

o ¢

el

RN

NG 2 N Y 2 odo ol O p o > o 2 gy
[
r

N, dlo ot o fx Xzl
2 O
[0 o2 oX
P‘L

o U

L)
ik 2
>
dlo 42
= Elg =
i\
oX
o
-
:;‘ fl
i
=
(4}
N
[
2 =
o)
Ho
o
fo
[

RUN N

of
o
3

AT
my H
Ho rir
o oW

B o
ES
>~

N
_Llﬂ—‘
™o
o

N
W
2
k)
k
=
=
=
_O|L
rlr

Rl S 0o
X
>,

o

=2
Rt

Fig. 2394 fgtax



; Acoustic Characteristics Depending on the Vibration Distribution of Ultrasonic Sensors

Sang Ok Seon et al.

Godoy,

C,

]

10, No. 5, pp.

Vol

Transactions of the Korean Society for

gl

(2) Alonso, L., Milanés, V., Torre-Ferrero

Noise and Vibration Engineering,

723~728.

Ultrasound,
Trans. Korean Soc. Noise Vib. Eng., 28(4) : 490~500, 2018 ‘499

80

60

40
Direction angle (degree)

20

Mﬂmmﬁrmx ijmr;a@ %%%ﬂ.ﬂﬂ%ﬁo% %%M@ e Z
W o BE 00 oOF ‘N e . = oW s KO O o U < @
B o m L B o Ty o i Moy @ R 3 -
gl M on| ok 5, 70 s Gy w oo M TR 9 7o = 4
T oy Mo o) T o N T R = B om ok % o W Mo o T Ju 2
U JOSc LER s RO T QR ORI o R ~ g
oﬁu W Nr o o) o N s T o I o B OH P 2o % o A W opn <
Rl N T oop Bobobguop 4 W TN B 2
o X o My e = Xd mo o N o g I oy W B o 8
T XY B ERINY 0 B e S B T I B
Bo K R of 98 W ® PN T s BRI il e ol 750 o) 2
(e o s A O o ol o N oF HOXom e X — < A Q g
Pa g TEyeD gt T R AU B B R n S &
Ao mBAGHTER? m T FERFHEIT PG E AR w2 3
T2 T wie g e DT R = Do o o OF o P gz T M o Y 0o
T = g B L ;o BT s oD o2 % g
B o Nﬂ_.uq_aowmd:.,mu =W @ My iﬁowpu_,_wommlloﬂi 5% o« &
EIE N ARl = S Fa Lo HMwIAl s iy S F .
= o1y oo ) BRI N o T Zo oIy oms R D I E I e < S
H_JILC ) of R o 4 - T o mmi o mmo_u1 o ey
T Mo W oy oA X P doge T oW W -
T op 2r — gy TR do T oas Ty B Xohonm " =
M]ﬁaﬁeow o X T o "I o o X = @ 7
Mmiawmu o Mg NT H T Z_ﬁym,m&o@:lﬁ%?r MM A Lo m
R ' T f _= . = .o -
Pah s ER e Bl =
WA _ o~ T N o —~ ~ — v =
T .. .F T pn T % W oo o % 76 M o XV ol T BX W ° = <
T w B AN of o ® T TR B TR R R S
e
it an
® o —
228 E | 5 IS
£ 283 g 5 £
& Er o g <
2 geE 5 g 2 y
&m ©n | » © S © -
i S. 8 fHE =/
P e L T E 7 =
£e ® g & - ——
5 = e =
£ A
5 2 Sz E
o £ :
mH Wx n|m 7]
2 L %
< 2 - §< E
£ 7 E = s g
£ 2 s e 2
= 18 & = g 8
° 38 - ® © < o~
=) © © < o~ o S = o o
N
alnssaid punos pazijewloN M..a ainssa.id punos pazijew.oN
=

Fig. 23 Comparison of sound pressure according to
direction



Sang Ok Seon et al.; Acoustic Characteristics Depending on the Vibration Distribution of Ultrasonic Sensors

J., Oria, J. P. and Pedro, T., 2011, Ultrasonic Sensors
in Urban Traffic Driving-Aid Systems, Sensors, Vol. 11,
pp. 661~673.

(3) Gross, R. R., 2010, Methods and Device for
Ultrasonic Range Sensing, United States Patent US
7,679,996 B2.

(4) Shim, Y. L, Lee, S. Y. and Byeon, M. H., 2006,
Sensor Technology in Automobiles, Korea Institute of
Science and Technology Information, pp. 7~14.

(5) Greif, S., Zsebok, S., Schmieder, D. and Siemers,
B. M., 2017, Acoustic Mirrors as Sensory Traps for
Bats, Science, Vol. 357, pp. 1045~1047.

(6) Yoo, G. S., Lee, T. H. and Chae, M. K., 2017,
Ultrasonic  Transducer for Vehicle, Korea Patent
10-1,728,225.

(7) Kinsler, L. E., 1999, Fundamentals of Acoustics,
4th edition, Wiley, New York, pp. 184~193.

(8) Dekker, D. L., Piziali, R. L. and Dong, E., 1974,
Effect of Boundary Conditions on the Ultrasonic-beam
Characteristics of Circular Disks, The Journal of the
Acoustical Society of America, Vol. 56, No. 1, pp. 87~93.

(9) Meirovitch, L., 1967, Analytical Methods in
Vibrations, Macmillan, New York, pp. 179~189.

(10) Umchid, S., 2009, Directivity Pattern Measurement

of Ultrasound Transducers, Journal of

L, pp.

International
Applied Biomedical Engineering, Vol. 2, No.
39~43.

(11) Manthey, W., Kroemer, N. and Magori, V.,

1992, Ultrasonic Transducers and Transducer Arrays for

500 | Trans. Korean Soc. Noise Vib. Eng., 28(4) : 490~500, 2018

Applications in  Air, Measurement Science and

Technology, Vol. 3, No. 3, pp. 249~261.

Sang Ok Seon received the B.S.
and M.S. degrees in mechanical en-
gineering from Soongsil University
in 2016 and 2018,
During his stay as a graduate stu-

respectively.

dent at Soongsil, he was working

, on ultrasonic sensors and wave
propagation. Since July 2018 he has been working at

LG Display, Co. Ltd.

Jin Oh Kim received the B.S. and

M.S. degrees in mechanical
engineering from Seoul National
University in 1981 and 1983,

¥= .
/ respectively, and the Ph.D. degree
,? ‘ from University of Pennsylvania

research experiences at Korea Research Institute of

in 1989. For ten years he has got

Standards and Science, Northwestern University, and
Samsung Advanced Institute of Technology. Since
1997, he has been working at Soongsil University,
where he is currently a Professor of mechanical
engineering. His research interests are in the area of
ultrasonic sensors and actuators using mechanical

vibrations and waves.



	초음파 센서의 진동분포에 따른 음향 특성
	ABSTRACT
	1. 서론
	2. 이론적 음향 해석
	3. 진동분포 유한요소 해석
	4. 음향특성 유한요소 해석
	5. 실험
	6. 결론
	References


