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Relationship between the bolt position and the effective electro-
mechanical coupling coefficient of transducer

YANG lJia-ting, LI Na, WU Ting-ting, HE Xi-ping
(School of Physics and Information Technology, Shaanxi Normal University, Xi’an 710119, Shaanxi, China)

Abstract: In this paper, the influence of the bolt position, which is in the middle or at the back of a transducer, on the
effective electro-mechanical coupling coefficient of the transducer is studied. Considering that the bolt is equivalent to a
T typed four-terminal network, the relationship between the effective electromechanical coupling coefficient and the bolt
length is analyzed according to the electromechanical equivalent circuit of transducer. The results show that the elec-
tromechanical coupling coefficient monotonically increases with increasing the length of the bolt located in the middle
of the transducer; however, it increases first and then decreases with increasing the length of the bolt located at the back
of the transducer. The variation of the effective electromechanical coupling coefficient with changing the length of the
bolt located at the back is more obvious, but its value is all lower than that of the bolt located in the middle, which il-
lustrates that the electro-mechanical coupling performance of a transducer is better for the bolt located in the middle of
the transducer.
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Fig.1 Structure diagram of the piezoelectric transducer
with a bolt located in the middle
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Fig.2 Electro-mechanical equivalent circuit of piezoelectric transducer
with a bolt located in the middle
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Fig.3 Structure diagram of the piezoelectric transducer
with a bolt located at the back
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Fig.4 Electro-mechanical equivalent circuit of the piezoelectric
transducer with a bolt located at the back
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Fig.5 Relationship between the resonant/anti-resonant frequency
and the length of the bolt located in the middle
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Fig.6 Relationship between the effective electro-mechanical coupling
coefficient and the length of the bolt located in the middle
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Fig.8 Relationship between the effective electro-mechanical coupling
coefficient and the length of the bolt located at the back

23 ERFIE BB AL
MK 6. 8 i1, HibERRAIKE— &,

T e AR R A e RE 2% A LA A R BOK T
3 I i A BR AR R E 48 1 LR R & A 8. i3
FET LA e e 2 B IR S H AR T

3 4w

L KA o M T e A R AR AR AN R A7 B
Ji H M R A L FE R 2R R R A KR AR A
PR PR AR T v 18] A7 BN S or B 7 A 17 100
T, BRI RL RS REGAT O R, &
H LT 45

(1) Skl FHepedth i, H#meds oKk
FEANARI, i REas A LA & RS IR R K
FERIEMIRAA, iRk fr THRedtamit, A2
HLUHLAR & 2 s 52 IR SR AR A B 5 DR S Uk o

(2) AR R AR T4 2 e i P e o1 o ]
P EAVARIE, WA b T v AR I A L PR S R AR
Wi TR JE BN B LA A R A

RAE LA EEE, Bt HeRgas iy, nl LR HiR
BEUHEHLRE A5 1 A BLOR R e HAL P R

2 £ X W

[1] YARALIOGLU G G, ERGUN A S, BAYRAM B, et al. Calcula-
tion and measurement of electromechanical coupling coefficient of
capacitive micromachined ultrasonic transducers[J]. IEEE Trans-
actions on Ultrasonics Ferroelectrics & Frequency Control, 2003,
50(4): 449-456.

[2] TRINDADE M A, BENJEDDOU A. Effective electromechanical
coupling coefficients of piezoelectric adaptive structures: critical
evaluation and optimization[J]. Mechanics of Advanced Materials
& Structures, 2009, 16(3): 210-223.

[3] KIM M, KIM J, CAO W. Electromechanical coupling coefficient
of an ultrasonic array element[J]. Journal of Applied Physics,
2006, 99(7): 410-416.

[4] WALLMERSPERGER T, LEO D J, KOTHERA C S. Transport
modeling in ionomeric polymer transducers and its relationship to
electromechanical coupling[J]. Journal of Applied Physics, 2007,
101(2): 915-921.

[5] TRINDADE M, BENJEDDOU A. Effective electromechanical
coupling coefficients of piezoelectric adaptive structures: critical
evaluation and optimization[J]. Mechanics of Advanced Materials
and Structures, 2009, 16(3): 210-223.

[6] ERTF, @K, JoLa g Reas i A & 1%k 5 4 Hr ().

HLIN TS5 485, 2009(2): 47-49.
HUO Shuqing, GAO Changshui. The analysis about the choice of
the nodal surface's position in the course of the sandwich piezoe-
lectric ultrasonic transducer's design[J]. Electromachining and
Mould, 2009(2): 47-49.

(71 FRBE. o 2 gt almy R 8 DY 268 75 I AL Vg e e e A [J]. Ik

VAT N 222440 SARHERR), 2017, 45(6): 22-28.
LIN Shuyu. A new type of cascaded high intensity piezoelectric
ultrasonic transducers[J]. Shaanxi Division Journal of Fan Univer-
sity(Natural Science Edition), 2017, 45(6): 22-28.

[8] ARONOV B. On the optimization of the effective electromechani-



622 Moo H R 2018 4F

cal coupling coefficients of a piezoelectric body[J]. J. Acoust. Soc. LI Jun, HE Xiping, DING Shaohu. Effect of bolt on the perfor-
Am., 2003, 114(2): 792-800. mance parameters of piezoelectric transducer[J]. Piezoelectrics &

[9] ARNOLD F J, MUHLEN S S. The influence of the thickness of Acoustooptics, 2010, 32(6): 985-986.
non-piezoelectric pieces on pre-stressed piezotransducers[J]. Ul- [13] VEAE. JotoaUE dik gt 3 I S HO0 G O & KA [I]. =
trasonics, 2003, 41(3): 191-196. 224, 1981, 6(3): 194-197.

[10] SIDDIQUI N A, KIM D J, OVERFELT R A, et al. Electrome- WANG Chenghao. The effects of the parameters of the sandwich
chanical coupling effects in tapered piezoelectric bimorphs for vi- piezoelectric transducer on the effective coupling coefficient[J].
bration energy harvesting[J]. Microsystem Technologies-Micro-and Acta Acustica, 1981, 6(3): 194-197.

Nanosystems Information Storage and Processing Systems, 2017, [14] iR, W2AeXE s AE 2 XL s & R BCE W T 7T [D]. 7
23(5): 1537-1551. 22 PP ImE R, 2018.

[11] ZHANG Q, SHI S J, CHEN W S. An electromechanical coupling YANG Jiating. Relationship between the bolt position and the ef-
model of a longitudinal vibration type piezoelectric ultrasonic fective electro-mechanical coupling coefficient of a transducer[D].
transducer[J]. Ceramics International, 2015, 41(1): 638-644. Xi’an: Shaanxi Normal University, 2018.

[12] ZZE, BT, T/OME. TR kst Ik ik fees e S5
[7]. FEFL5 /3, 2010, 32(6): 985-986.

B R R R R R s e S i e e e R e s e

LA EFFRBFTRIREER

2018 48 12 129 H, bl g o b g U W e AR A 2T i B IF. 2kEd, B3 30 RAZINT
L ELIERHICH R R E. B . AR 2L

SUHEARNEB KR, HRFITERN L8 SR BHHIMT 2018 FREMSA TR 2019
EREG TARRIRS , 550 REEEMAT 2018 FRFFRIOZEAEENF 2019 FREM TR, BBTEEANAT 5
BRI A S I P TR

162017 SETARITRERY b, 2240 2018 £ 55 XN T ZASARIEE, 1 (1) 55— IR 2R e
£7 Q) “HBNE IR R S RRTI &7 (3) 5L R AIN o [ P 2 R AR
275 (@) “HERABE 60 FEERAZ o (5) “HEEAMRSERNERIRE” ¢ (6) “2018 A% LKA
SHREW” 5 () “B— RN IR 5. SAETRT HAZRHEED, W Ll iR
PSR BB —— rRIERPERR AOERE F B IR ROUEMEHEEE); “VE ook, MEHTHA” — & EZH A5,
“KNeddt, FRUERERRE — 5 - AEEENA. B — RAIEARIER, S T ERHRE, TR
PRI AR | HEEDRHEL B T BB TR

KE BN, B 2018 4 TAEMIAERY b, JE—540 2019 E0 AT TARMUT: (1) /0 “55 |-~ Rpm 2 R
SR 47, BAUTHT 2019 48 8 FIAEDTITTZAEAT, SUCKBINDET A4 752 2R 21 75 2 2 A 2 AR
SRR 2) SHEERIE (i) HIRARERASES “2010 hEERSELHASRSWERES" , Z2W
BT 2019 46 9 JI e KRR (3) MG In “FEHAR XOERHGIE” , (PRI R IR . (4) 4ELEH)
Hr “2019 s A 2K A 2 R BB KRR RIS AR T B TFTI . (5) D015 WL 1725 22 fr 2
T <RETRA S RLME” T R 2 AT, (6) MIFELBIE “HMBAA L (TS,
S 2 P AR A T AR, S LI 2 L R R . T S EHR T &l R & 2 T IR,
(B TERAAREN, ROTRUR S | WA A ch 1 S M A R 2 100 3R B A0 S AR S A 5.

T2 S0 TR, KSR T AT, A2 20 TR TR MM, SR E N s
5 MR TAE MBI TAE, SMEM T A T MO 210 T AR WTLES RSN AT HS, (ISR LR
fh. WIREEEEKIAN: 2010 FEALHITRE . BBOERTIE, TARKRZEZHE 1~2 MEARRE, FEERE,
EREREAT IR KT T RRRE AR, MO T, A,

NT B2 2 M TIE, 2 Fr SR ST . B KT AT T 40T 51K T AT 5 2 1 T
WS K TR T, FRRBIE K S IR AR T A BRI K A ST BT AR s BRI K S 3%

BT B A R B PR SO0 28 AR SR o by AT 10— 4R %2R R ST R B WA ARTES, £
AFFOIERL L, TG, BB ZH. FEZRMNARED; AAMEANRTG, FmAeK, R RAEZ MR
G SR AR AR RO PR GE (5 DAL T 77 s il & SRR TAR, MR 2 ME, 2 & TARMAS S 4



