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Vibration Characteristics of the Point—symmetric Mode
in a Spherical Piezoelectric Transducer
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The object of this paper is to examine the vibration characteristics of the point—symmetric radial mode
in a spherical piezoelectric transducer, The differential equations of piezoelectric radial motion are derived
in terms of the radial displacement and electric potential, which are functions of the radial coordinate
and time, Applying mechanical and electrical boundary conditions yields the characteristic equation of
radial vibration, Numerical results of the natural frequencies are compared with the experimental
measurements, The paper discusses the difference between piezoelectric and elastic resonances and the
dependence of the natural frequencies on the radius and thickness of the piezoelectric spheres, As aresult
it is concluded for the first radial mode that the natural frequency is reduced due to the piezoelectric
phenomenon and that the frequency exponentially decreases as the sphere radius increases.
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LME&

48 £ Aok g3ty S ek == A%t
e 2713 Eelgte] A A B o183t
= 3 W17} oherst Ropoll A B-8ET gk, 53
48ty A5& A8 A7) A3 w7l AU
W A B4En, 7] ASE A5 g2

HRAXXE: ANL (jokim@ssu.ac.kr)
156-743 MBA| SHF HEE 1-1
SAMsn SchE A SEM

(M8 02-820—0662; HWA: (02-820-0668)

WA APH A diofjoleld) T-gHTH1).

A 7SS A gAY B RPN G
A 27| £ 9 $U5E o $E= 38310,
& ALBY G 2] o] W G 258 o8
37| gieha), YEdoluA Y5 YR 252
ANFEE o 2748 w3t A 50l A3t H]
Y A5E PN RE7) = oHS). T, €483
H37E AAlEle] Qled] W7 ke R WAt 22
3k HRI[4), e s 2w U5 YRk
HAA QR fFo] Ao E YA WFE S


mailto:Gokim@ssu.ac.kr

758 eEEYHAX 1 AISE (2002

7l HR7I6), H WG UFE ok UL ol%
3h= H5R A AeolrAT (6] Fo| ek, olEH E
2 3 AN B R OB AFE YATI7) S84
£ "7l (GRE Y Ao) vi s A, ol= 4
4 SN o=y JEAL] AHGAEN AHEE o
A}, 2FANA 25HE PAA7IE FARA AFAE
A3 Hato 2 AFE NS

B =52 T GA MY E 4AE g 24 27
& A4517] YA 2ad A S diMe e of
A7) A SAbs S A W PR 2
o Ax, A e Aol A FEHE MR TR0
ot dedt 7% A AR e e S8
N 2ot A7) Fee2 BB 43 A7
ATHI). & =FolAs gaEAe] 23ke FUA A
RE WEE YALR 3t U HEot A7t
Bl e &% et 7] HRldz 28EHE
A4S AR o7iol 3t FA AT A7
A ZAZ2E AE8H I BRAF S4YRAE
FEFT o] 42 o183t UE Ao ot A 2
FAEFE AYST, 1 AN &% Aot v)wdic),
AT B A o] 8ol B A Folo YA T2
B TG Aol AME D, FY YA A R F
Al & 2HAErE dHa

I 79 &8 By 299

AUHY BB FALYE AT UTE dEAL
4 25l it A7) -geH wANE A4 A2 3
EA|ot €F HEA] 3 HHo=2 F Hes|of it
[10,6]. & =&ellMe 738 4 WE7)2) v s
< B@S] f13te] 7 HBAS A8, FAA v
YT YA R ASEE FRY LES ez gt

U (= R)T} 0 (r = R, FYSHA 2=
B A 7 % A o] it -2 WA
B u(r, )2 A7) 2R ¢ (7, H2 BEYTE 73
DA oA W8 &8 o, E BFEF S g,
T A oM WY $2 R U Y =
dlujef v J0) 2% kS F7H10)5H, ¥
W e Ay « AN (- 8¢/ on B hEA H
A7k Ak,

)+2(;—“ @)
5 v 1704 #ig D& o 2
- . Ou d
D, = ¢S4 ¢ 8¢ @
A7)A A%} G= Lame SHATEA, 95 (Young's

modulus) B E2$ (Poisson) H| 2= tha} o] &
o),

_ E

A= TIa=Iy “a)
E

G = sty (4b)

T e ( = dy/s5)E U 59 A4 (piezoelectric
stress constant)0|, & F3-& (permittivity)o|tt,

W gle] WYoryy A A1)} M
BRA[10)E 72 ohg g,

00, 2(5, — da) _ azu

ar T 2 T P ®)
aD, 2D,

L2 Pp) = Gr+Er =0 ©

A7A e A% YEOT 4 O~ A (5% 0)°]
WYt th3at 22 AupEARAE deh

oF
(5823~ §(25+2) ©

APH, cp (=1 By/ol®) A dolH S8
% Boke] Yol B, = £, + S ol £, =
2+ 2GOt,

2% 9 w719l 2)eist W] REY B30 7]
AZH WS 02 AR ] 1hE 23R4 Be)2 714}
Ak, A5 WASE A 1ol et 2344 Fe2
258 4 9ok Hebd B A9 (s, /% A7)
EUE 4(r, NE TheT Tol WRETIY

ulr, d = u(») e’ (9)
6(r, ) = d(Ne™ (10)



4 92} 10E 4 (D7 ()9 HYSHA chaa} Lo}
u(NT 3 (Do) AupAae Ject

ﬂ%ﬁi +zr%.f:i + (B —-FBu =0 (n

d d du
“E) - ta ) @
ANA k(= o/c)E BESNT, # = 28,/ B,
oltt. 4 (ele thast 22 WL A8

B(n = 44 (13)

A (198 4 (Weoll A UNHH Fefo] Bessel
NS g

PLY By (22— )y = g a4)

A7 p° = B —1/40)c}. 4l (14)2) S 15 Besgsel
0|2, )& (13)°ll YYSHA 4 (1)) = okt
7 Y= =g,
A 19F 4 120 AU F 3 (»H 2 S T3t
e Ag P,

$(n = %[Ai%ﬁ +BL$({"L)]—-§ +b
(16)

&) (15)2H(16)9) Al A, B, a, b= AAIRAY 24
285

IIL. Y59 TE B898M

T8 U U7 gL 2 10] B viet 2,
W §ERFo] RiolZ oA MAFo| R Ol ¥$719
W2 25 Aolof] A v, /7t A gt BAIz
42 ohE T o] dAdch

r= RO & =0 a7e)
3 =0 (17b)

TH U HBTIS) HEY WSS X BY 759

J8 1. 7Y Ha|g e
Fig. 1. Schematic diagram of a spherical transducer.
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Mechanical Elastic compliance, s% 0.190x 107" m?/N
Elastic compliance. s£ 05x 107" mN
Dielectric Relative permittivity, ¢5/¢, 865
Etectromechanical Charge constant, 4y 450x 107 C/N
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Table 2. Converted properties of PZT {Ceramtec SONOX P5).

Young's modulus, E(=1/s§) .52.6 GPa
- £
nical Shear modulus, G(=1/s5) 20.0 GPa
Poisson’s ratio, »(= E/2G -1} 0315
Lame constant, A( Zg.42) 34.1 GPa
Permittivity of free space, ¢, 8.854x 102 CY/N - m?
Dielectric -

Pesmittivity, ¢(=(¢5/8)%%) 70- 102 CMN - ?

Electromechanical Piezoelectric stress constant, (= dy/s§) 23.68 C/m?
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Fig. 2. Photograph of the hemispherical transducers.
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Table 3. Comparison of the calculated and measured natural frequencies of the spherical transducer {outer radius = 12.9 mm,

inner radius = 10.7 mm).

Piezoelectric natural frequency (kHz) -
Mode Catcuated, 7, Measured, 7, Diference, L7/
1st 428 344 0.24
- - 85.0 -
- - 151.3 -
2nd 819 970 -0.15
3rd 2245 3130 -0.28
10° T T T T

Impedance (Q)

o 50 100 160 200 250

Frequency (kHz)

{a) B2y B
{a) A hemispherical transducer

[mpadance ( Q)

Frequency (kHz)

(b} 7Y Bz
{b) A spherical transducer

JE 3. Folsl 42 SYE O W Uulla 34
Fig. 3. Impedance curves of the piezoeleciric transducers measured as a function of the frequency.
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Fig. 4. Mode shapes of the 1st and 2nd modes for the radial vibration of the transducer.
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Table 4. Comparison of the 1st natural frequencies of the piezoelectric and elastic spheres.

] 129
10 8 56.2
15 13 360
20 18 26.5
25 23 21.0
30 28 174
40 38 129
50 48 10.3
70 68 7.30
100 98 5.08

e .y
183 0.70
797 0.71
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376 0.70
297 0.71
246 0.70
183 0.70
146 .71
103 0.71
7.21 0.70
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