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Resonance Characteristics of a Piezoelectric Shell Transducer

A

of~

A A et

Dae Seung Kim and Jin Oh Kim

Key Words : Piezoelectric transducer(3H4

H3}7]), Resonance Frequency(-

A F3}47), Characteristic Equation(B4 W42

ABSTRACT

This paper presents a theoretical approach to describe the vibration characteristics of a piezoelectric shell transducer.

Governing equations for the motion of the piezoelectric shell are classified and simplified according to the boundary

conditions. Applied mechanical and electrical boundary conditions have yielded each characteristic equation for

circumferential, longitudinal, and radial motions of the piezoelectric shell transducer. Theoretical calculations of the resonance

frequencies have been compared with the results obtained by the experiment and have shown a good agreement.
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Fig. 1 A piezoelectric shell transducer in sylindrical
coordinates

332



W eY 2709 Agam W ol9le] MrH RS
21 2= wh™AlD} HAEAH & B A 2oy Sk el tigk siAs ok

A 998 o5 2 wé 9/025 1H3}E v /o0 HEES FAE}
Q53 obd WME)s g T} ke A(shel)Fro] LW Fwe £Eu wad H AuAe thew) ol

v, @s)e) W s P 89 2(0,=1,,=T, B

=0% HEk, wsh ofoxtt ERINE FEE FABE oo Ly, My 0 (62

w3 vl 7} gkn o] YEwiAbl fixsme,

AU olsle] AN ARES FANS WA PR A o= gy D 0 (6b)

u 1 ov A 1‘4—(6)
— 2 7 D -
" CIH( R+ 7 o0 )+613 t (la) 1 ou 82w 82w
Ay —+d,—5= - (7a)
D = ezfs(l‘F iﬂ),eg&& (1b) PRo: Wz P
" R R 00 t . V. )
p U » ow 0 Od'u
047]A1 _C[HE_C[HEE_G%E— p? (7b)
p L) L) - : _ ) 2
= ———, dy=ch—— (1c,d) u(z,t) = Ulz) exp(jot) & w(z,t) = W(2) exp(juwt) = 4]

Mol skl W BAR F o A% s,

" esl_esiﬁ; Qo UR)E st 2k
C33 A 1 dW(z) els Vo
ol VS i —aim B & i —a ) Bt
QI HRRgon %S st 959 ¢ W ®)
18 A xR, ol i I WY HORTH  niz 4 T WE BUE @ T ®)S U9
AT AN Aol WE S5 WANS U o gejsim, thed) 2ol st $E W Wiz ® %
@l & He % PANS den
2 2
ﬁl(%%+%%) =07 G 4 W w0 ©)
,sz](%+%a_v)f Vo _ o' o Fig 19 9 WEle Edgon o ¥ s=03) o=
R R200| Rt ot oM AFES-EE AARHAE vy} o] AAHL
u(8,t) = U0) exp(jot) 2k v(0,t) = V(0) exp(jut) = A 2=0 olH 5.=0, 2=1 o4 5.=0 (10a,b)
(ool ddstel W Beld F oo ARE g,
u0)= vt g2 C. ubAwe 9%
Doy D ave)  rR bW A RS 2k 459 ol wa]e] d el 5
—&, tplR? dO ) +pSR? AT o] Re Rt 4dd] HormE, AFHF W9 09
TR A CaE W5 BEE T A (DS s Zolwg ws) wE FAYE WMav)E A% dien
|, 4 Wg Vo) 8 WRR s 2% WANS B & U wgdl o8 wasks 959 WyEq
S} o] Ak, u/rE TElEA gETh A71Re WS WAYF AT

O
3} g, 93t Sua 4014 4R

ave ‘ < FAI)
==+ p R V=0 4)
e WH(ap/00 = a¢/az =0) AW ol P < Aw)

ATy b W9 5] &F 2ol ArEe A5 4 Ao] gy Zo] Hrh

Ziﬁ—‘o: S 9 7}o H;qg_ .
7l FhEh gl A o,= cga—u-l-e%%, 0,= cﬁa—u—l—els% (11a,b)
=0 X o,=0, 0=6, °lH 5,=0 (5a,b) or or or or

8 8
D= eyt (11c)

333



4 (IDERE Tt 28 $54E dn

2]
2
o u 1 ou | 43 1 o°u
o + (e ) =

G2 T\ T ) e T LY (12a)
1N Lok e e 2
o= cé;+i§5, ch= e+ (12¢,d)
€33 €33

A (122)= e /e o2 A8l dutefol Salle 2
b, 54dE e Ae Age Bawd 4 (129
a,e,5/ €3 S SFAIE = 2} ar 7Hg38ka
u(r) = Ulr)exp(jut) & tidste] W Eeobd, vhet
2o oF wAe Qe

. D

7’2(12—:2]4-7“( —%é)(jl—g-l-erQU* 0 13)

W) us 9w Ajolo] Agal Ak Vel o
3 FEHD ek ool v AAEAG thest Ro] A4
gt

r=R, X 0,=0, $=0 (14a)
r=R, X ¢,=0, ¢=1, (14b)

2.2 &
A $% W9

288 Azl et FeE s BAEA (D9 (9) *
13)e) Az Fald £ WNT o83t 2ol Pir
W(0) = Asinp8+ Bcos pb (15a)
W(z) = Csingz+ Dcos ¢z (15b)
Ulr) = Er'J (kr) + Fr'J_,(kr) (15¢)
agla A7) HeAd ¢(r) & vt 2k
olr) =8 2B, (k) + Pk )]f r+a,  (16)

635 655

B. 54474
4 (502 A @ A9 298 4 1529 i 4
(Lol Bdstel S8 o,(0)& F@h 123 4 (15b)

o 11 Oy

S A @ Wi A3 4 (15b)sk 71 4 (6bell o
dste] o.(2)E Dtk vRIZHAR 4 (150)9 (1605 4
(1)l tsdste] o, ()& dth o daes Aeshd
ket o
1 W
09(9)—0111) (Acospf— Bqlnp0)+e31t (17a)
0.(2) =\ ,qlCcos gz — Dsingz] +eé1? (17b)
o (r) = Bk, (o) — FheBpg . () — 28 L
€55 T
(17¢)

e a

33 1
+A,—1"J_ (kr) ——Inr+a,
€33 €33 €33

(17d)

B & AAsa, 4 7371157&% 2 (10a, b)a 2] (17b)
of digste] A ¢ D & AAshd, W o) miz)
= thest 2o] Hek

Rel, 9, —1
V(6) = —— 20 (sinp cos? ! cos pb) (18a)

ey sinpf,

!

7&& _ 1—cosqL

Mz)= cluq ; (—singz —sinqL cosqz) (18b)

oENH fEE: T S

4Ao] e} go] fsl

_ sinpb;
S cospf, —1 0 (192)
sinpl
A cospL—1 0 (19b)
wEAurer oAl (170)¢ A7) HelAd (17d)d AAFA
(14ab)= ﬂ%%"@ T olg 2= dd gz Aelsto] 4
SRR EE s
DHDH)(ﬂi ( 0 )
( D, o )\E =\ (20a)
Dy=R""J_(kR)—R'"'J_,(kR,) (20b)
D, :7R:+1‘]71/+1(kRo) R, (kR (20c)
D,y = 2RV (kR,) — RV, (kR,)]
€3
k R,
B g e (kR (20d)
€33 Rl,

Table 1 Properties of EC 64 piezoelectric ceramic

Constant Value
Elastic i 132.2
stiffness t 73.4
constant ry 72.6
( 10" Pa) & 117.9
Piezoelectric €31 -4.7
stress constant €33 16.3
(C/m%) es, 13.0
Dielectric constant P 571
_ . € .
(><10 9 CZ/NmZ) 33
Density (kg/m®) p 7500
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Table 2 Shapes of four piezoelectric transducer shells

Size
Outer Inner
Transducer radius radius Width, | Angle,
, , 5 (o
R, (mm) | R, (mm) L (mm) | 6, °)
A 19.2 23.2 19 180
B 12 14.3 20 180
C 7.85 10.05 15 180
D 5.5 7.1 12 180
Dy =2 RV (KR, ~ R, (KR,
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Table 3 Comparison of resonance frequencies

Motion directi Resonance frequency, f, (kHz)
ohon direction Transducer| Theory Experiment

A 36.3 33.7

G ferential B 58.4 52.5

ircumferentia C 35.9 775

D 122 106

A 90.1 87.5

o B 86.7 83.8

Longitudinal C 116 115

D 146 147

A 510 538

. B 888 900

Raidal C 928 940

D 1277 1270
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