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Modeling of Sound-structure Interactions for Designing a
Piezoelectric Micro-Cantilever Acoustic Vector Sensor

Mi

Mt

EJHIACQ]

OFAM
oo

pd

s O3 .|°__.I

[

H_T

(Seongkwan Yang, Junsoo Kim, and Wonkyu MoonT)

il

A I
=T, T

Zets st

(Received April 7, 2014; revised October 16, 2014; accepted January 5, 2015)

2B 550 AENIAE S-F B ok} Suto] Xg kel Ut RS 254 9l Aol K t=FoilA]
4| )RS o] §3E 55 23 W] A E L] 95l -SFBH o B vigte 2 S}/ 228 S
Z8-2 o| 27 0 g AR} QT 72 v 0 & b kS o] 83 F 7HA] & qg_{ummorph)sﬂr:ﬂq zd
S AABrom, A melo] ciste] oFd nl4) ejzn o] A5-S 7% Wk mEle B4 Sult olojo] Fulie}
S 71 T |4 Qe e QAR o Lhe = A50] 3715 8t 4 9 MRS Gweigith Eat oS ugto
2 0} gF T F AR T 2ER ulA] elR g Ak vjde] Y} dmo] Tt YRS 39 A 0 7 2 71 AlA

2 88 4 QIrhe 2 sk
SHAZOf: e A, Q Ea, 4] 9k

ABSTRACT: An acoustic vector sensor is a device that is capable of measuring the direction of wave propagation
and the acoustic pressure. In this paper, the modeling of micro-cantilever sensor for the vector sensor are proposed
by consideration of acoustic phenomenon in water. Two models based on unimorph structure are proposed in this
paper and corresponding transfer function which describes the relation between input pressure wave and output
voltage depending on incidence angle and frequency of pressure wave is derived based on lumped model. It has
been shown that very thin and flexible micro-cantilever can be used to measure directly the particle velocity
component in water.
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Fig. 1. Incident, reflected, and transmitted wave field
for two interface.
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Table 1. Cantilever dimensions (Fig. 4. 1st cantilever).

Stiff cantilever | Flexible cantilever
t (um) 200 10
ty(pm) 3 3
b(pm) 500 80
L(pm) 2000 400
L, (pm) 1000 200
k,, (N/m) 6.4x10" 10

Sensitivity [V/Pa]

0 - Normalized frequency

Fig. 8. Frequency response and directivity pattern of
the sensor. Sensitivity is depend on both incidence
pressure angle and normalized frequency.

----Stiff cantilever
—Flexible cantiever

x10™

Sensitivity [V/Pa]

1
Il
!

o
o)
.

o
IS
-

----Stiff cantilevere ;
0.2} |[—Flexible cantilever 1

10 20 30 40 50 60 70 80 90
degree

Normalized Sensitivity
o
(=)

(=}

o

Fig. 9. Frequency response and directivity pattern of
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