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Vibration Characteristics of Langevin-Type
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Abstract

The vibrational characteristics of Langevin-type piezoelectric torsional transducers have been studied
The differential equations of piezoelectric torsional
motion have been derived in terms of the circumferential displacement and the electric potential.
Solutions of the boundary-value problem have yielded the natural frequencies and mode shapes of the

theoretically and experimentally in this paper.

transducers.
experimental ones.
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The theoretical solutions have been verified by comparing the numerical results with
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Fig. 1 Schematic diagram of the Langevin-type
transducer, consisting of two piezoelectric
disks(1, 2) and two elastic blocks(A, B).

Ao +5< Fd3r e 9F we gy
w(r,z, )%k A7l a8 (7, 2,05 A3
ol A¥(ET &%) dHdAe YFwg Ad
€8 1,9 9WY H7)1AH WY DE IAY WEs
(0u/dz) R A7 (—dd/dz)He] BAI g
3} ),

Ta9g = (89: + E‘%ﬁ“ (1)
- Ou _ _._Q

D= ¢ 9z ¢ (2)

714 Gv Ad@A A S (shear modulus), &

4488 Q4 (piezoelectric stress constant), (&

o

e
_'.r

A & (permittivity) o) tt.
Ao HFPo Ry d& N3 AAANH wA
A2 7t g2 g

atzﬂ azu

oz = P atz (3)
aD
2 =0 @)

A7NM pr A% WAxold AWM @F AG)
B @ Ugse) e 2e AREAe o
£

2 - 12y
% _ e o ©)
02— ¢ o

A7 HERRAGY (=[CG/e] )= wE
3 359 Ad&woln, H(=G+HE ¢A
ol THHEES £A4Y AgagAFo|n)
AZe) AN AVNNET AEF 02 A
2t et zss Fuz wste= Az
W RS AYEE A to) U 284 B

-613-

2 27 + Ak £F AEF 61 BARY
AE 7ol F8F322 w(r,z, 0% (7,2, D

BT o] MFRY & F vk

w(r,2,8) = wWz)R(Ne™ 7
#rz,d) = HDR(»e™ (8)
A7) R(HE HEY 59 B R =
=9 B BAE o uE@sE F49dy, E9
AutAe) 43 TAY & Y2 9 G5=

dATS AN} 82 4G9 By HdeH
G2 2ol w2 Pl HF AugAe
AdEo}

Cu | ey - g ©)
dz*

d*s _ e d*u

dz* ¢ dit (10)
q71M k(= w/c)e IFFolth

@5 &2 (Helmholtz) #3499 = o0&
3 2 Yy g

w(z) = Acoskz+ Bsinkz an
AADE A0 A9 F P29 HE Fit
W g 48 deck
#2) = —E(Acoskz-i- Bsink)+ az+b (12
A0D3 1204 2ARAHRA &L A, B, a, be
AAZHAN wet 2AH

A7 A D(r,z, HE B&3 Zo] ¥
Badn,
D(r,z,0) = D(z)R(He’™ (13)
2 (D), 8), U)E 4 @ stz FFed
g3 2o,
Xz) = ez— —i (14)

d719) 4ADTH 12)& WY ke go] 7
w8 A,

D= —ta = constant (15)
£ 713 d9 IEF D(r,z, D& A $Fe=z
Y



& =]

(=23 =]

o

3.

&

oar

= HIEE BHa)|

F5 A37)= Fig. 1o 2utep o,
FHAZ A 4897 F4AQ B0 EES
24z Add wEgA FEUy vEY W)
9 AEEHE #7337 AN $AH gA )
¥ WEy) 499 AFEEHS 79 gl
RAem, o) APATVgM Py,

2 =EdAE HYATE EOR o)F W

719 FFo| VA ESo AYD FFUI
HEW wEs19d 2554¢ motstnz @

¥ He wHESe) $U% A9 FFYY WY
A7t dATFELE AAs] HAAE 5 3o F
AY @yEso FUHA @& Fe A

TEEAN gFA "

3.0 & Ha|o ds EN

2 "ML Fig. 19 2599 W@
& A9, @HEE A% B} 3YT WY
FEYY W@l gl AE S4L HA

2, A7 49 9H 4% 13 27 A7,
FEe TAS L B BE As Br} 22
BHEY TR h=1). B4 e AAR o
@ AA2AS 448t A8 ToAW dus 2
FE 8¢ WA Qoo meA AT
A #Ig vhe =9z, Fig 29 2o yRUY
92 FE¥ue gdoz, gy 13 Az
g 245l HE T,

Fig. 29 %] B4ES0] 22d w2 d
MEY WEslY HFHel mHY AN ¥
At A Voe™ ol ddl TEHT e o 27
Qe thes gol 4R,

=4 G

E

=

b

z=0 A u, = 0 (16a)
é =0 (16b)
z=1, A U, = uyk (16¢)
T, = T4 (16d)
$ = V (16e)
z=hL+L AN T, =0 (166)
z
1 A

Fig. 2 Symmetric half of the Langevin-type
transducer.
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Table 1 Electromechanical properties of a PZT
(Edo EC-65)

Electromechanical

Properties Values

mass density,

o 7500 kg/m®

permittivity,

¢ 8002%10 " C%/Nm?

piezoelectric strain
constant, di5

584x 10”2 C/N

elastic constant,
E
Sy

46.9x10 "2 m?/N

piezoelectric stress

2
constant, & (= d5/s5;) 12.45C/m
shear modulus,
G(=1/s8) 21.3GPa
modified shear modulus,
G (= G+ /9 40.7 GPa




Table 2 Elastic properties of aluminum alloy
(2014-T6) and stainless steel(SUS-302)

Properties Values

o146 |- density, o | 2800 kg/m®
shear modules, G 28 GPa

: 3

SUS-30p |_mass density, o | 7920 kg/m
shear modules, G 75 GPa

Table 3 Comparison of the calculated and
measured natural frequencies of a
symmetric Langevin-type piezoelectric

transducer
natural frequency )
mode (kHz) dlff((-i;e)nce
calculated | measured °
1 22.4 198 13
2 65.7 58.2 13
3 107 90.7 18
4 148 161 -8
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(b} 2nd mode (657 kHz)
Fig. 3 Mode shapes of the symmetric
Langevin-~type transducer.
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Fig. 4 Schematic diagram of the asymmetric
Langevin-type transducer.
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(a) 1st mode (154 kHz)
//P—_\\
(b) 2nd mode (30.3 kHz)

5 Mode shapes of the asymmetric
Langevin-type transducer with
different block size.

]

(a) 1st mode (20.7 kHz)

(b) 2nd mode (43.3 kHz)

6 Mode shapes of the
Langevin—type transducer
different block material
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Fig. 7 Impedance curve of a Langevin-type
transducer measured as a function of
the frequency.
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