ISSN 1004-2474
CODEN YASHE7

FEREEA 1

PIEZOELECTRICS & ACOUSTOOPTICS 20214 $43%

w MEBFRARSNA

w HEBFHRRARSNA
w HEERERGESNA
w MEBFRIGRAK

w BMERARSNA

w MRFEFRARSMA

ISSN 1004-2474

m ‘ ‘ “ Il
9= mmu

710047247210




AebpE A

YADIAN YU SHENGGUANG

2021 02 8 £435F 1 H(RE 256 )
WAT 1979 £817] BRI FEIT

FET AL SAW 3R 2 A TR B B USRI TF oo veeervneee s e e e e

I v 3 2 S A R Ay Dy R AT 5
PR EE N E AL RS BIL TR

R A — B R TTHE LC SR BRTE T ovovereerereoesremees e e s st i e

He TR F B 2 8 JIE 5 9 BUSTE - 1 8 10

EF YIG B T 0 BTG R T o vvevem oo eesmeene sineen e et st e
SNVETUE I 5 YRIZ 2 R IE L oeveven e e mee e st e e e e

LT R B Y TC B v Lamb 3451 47 e

A1 AT HL B S SAET AR S S SR AT 5

Tl I b 45 4 B /N B S R DL

A A L R A RLBLE T BROT O B
He T T R I T ) 2 T PN BE A 000 4F

B % AR AN T B R ARSI #S ITT S SR ERF T - vervrrrrr e eeens
SAW d—e&gﬁ WLP ij%ﬂrppﬁ;%:ﬁ;jﬁ*ﬁ}fjﬁgfém%

XS [e) s F, 3 5 11— bR A IR T 48

FH T e PR UK 8l i WU T R A 3 48 B BT 5
LT Pf 4 45 K 20 0 A A R R A5 s
He T T F AR S A SR RV T R A

BT 2B & RE AL R TR BRI A L L

ﬁ%ﬁ'ﬁﬁ%ﬁ}?ﬁl@ﬁuﬁmﬁ*ﬁ“ﬁﬁﬁﬁ

BT T R AR TR A v A8 Sk B T T g 0 R E
A 2 Q00 S ) B8 A O BE R OL 2 1%
s e 1R R A Rl 32 8% O ML
TRl TR 2 R B2 MR - THT L AR B JC 7 3 i T

T W T2 T BRI R A
BRI 35 A A 7 2R A P 8RB A A BT 9 i

ERES R.F REWHL,KFZEOD
AR E R RRELKREF ()

- REMR, BEFE. RXLE, FREE, REXR, HF FAO
% %A @K FLERHBLA6
CROB.E ORLEORQD
IXRFEREMN, AW F R KRTFNLIE A QD
BRA. MR LRERFRERBEATINCD
CE OBLEEMGH L E R

B R, KRB TN F ARG
CIAEE R EN TR ORI RE, AR M (45)
B O# REERFL.HBAEGD
AR ML MR A RE.E BGDH
R -2 e ey AGT))
 R.HEEEGED
CF H.SH.NET.EME.KREFG6D)
CARRMELRE ALE RS

BERERR NG XA, B F. 73480
B2 v A ER. TR HE A% 58D
CHXHEFEFAEL EER HRMEGD
CARBRAT BLFOHEOD
KT AR L FEL,F R, EHE.HRL.BEEO))
B ALk . 2 #F (104
HEM/FBR,ZEHALD

Y

Nl

B iEL X R A A, A1)
REIELIFOE.E A ELRAH 20
ARG TN FLBRE RN T A5 125)
LA A ORLR AR R IR AR IOR M E E (130D

R K F.H OF, ELERA3
A G R HEEFEE O LE L ER(142)

R ARLIRILE L A BV H SRR E, SR R E R (146)

- BB RSB RS R (149)



PIEZOELECTRICS & ACOUSTOOPTICS

Vol. 43 No.1 (Series 256) Feb. 2021 (Bimonthly) (Started in 1979)

CONTENTS

Design of Temperature Sensor Based on Double SAW Resonator  ::--:++----- YUE Huhu,PENG Bin, LI Ling, WANG Bowen,ZHANG Wanli(1)
Study on Finite Element Simulation Method of Piezoelectric Acceleration Sensors
- FU Lhengcheng GAO Cheng, HUANG Jiaoying,ZHANG Welfang(o)
Research on Surface Acoustic Wave Indoor Positioning System and Algorithm -« -« -oveevveeeee
- DAI Chongyang, CHEN Zhijun,ZHAO Wenyu,GUOQO Jiajia, XU Hailin, HAN Yu(10)
Design of an LC Filter with High Reliability and High Amplltude Phase Consistency ------------
- WEI Qiang,ZHOU Yu,CHENG Qian,ZHANG Jingwen(16)
Dual-band Balanced Filter Based on Double-layer Sector Substrate Integrated Waveguide ------------ ZHANG Sheng JI Chao, WANG ang(Zl)
Notch Filter Design Based on YIG Smgle Crystal Thin Film
- WANG Dayong, YAN Zhlgang AN Dixi, LI Jun,ZHANG ngchu(m,l 1U Ymgll(Zr))
Fifth-Overtone Crystal Filter with Small Size and High Frequency
- PENG Shengchun, YANG Hao,QIU Zelin, LI Yafei,ZHANG Imgwm.H()U Imgthu(m(ZQ)
Baseline Free Lamb Wave Damage Monitoring Based on Symmetric Response «-------+
- WANG Jing, HUANG San’ao, SUN Jiawei, WANG Qldng(3o>
Research and Design of Wearable Cylindrical Shell Piezoelectric Energy Harvester «----------
-+ BAI Fengxian,ZHANG Mengjie, SUN ]1anzhong DONG Weijie(39)
Modeling and Experimental Study on Radial Dual-Piezoelectric Stack Actuator
- JIANG Yulei,ZHU Yuchuan,CHEN Long, TAI Minghao,ZHENG Shufeng(-lo)
Study on Antistatic of High Frequency Acousto-optic Deflector -------------- XIA Qian, CHEN Qinghua, ZHANG Zehong, TANG Xudong(51)
Design of Compact Wideband Antenna Based on Defected Ground Structure
- HOU Kai,HU Yanwen, YAN Zhongming,ZHOU Hongcheng, WANG Yu(54)
Three-dimensional Pressure Gradient Vector Hydrophone Composed of Bimorph Transducer ------------
- MA Xin, HONG Lianjin, HUANG Wenxue, GUO Guangbiao(59)
An Energy Harvesting Method Based on a Novel Under-voltage Blocking Circuit -« eoceeeeeeeeeeeeiniinnieees. WANG Long, XIE Zhl]un(64)
Finite Element Analysis of Ultrasonic Motor Stator with Residual Stress -
- LI Lei, ZENG Jingsong, LIU Guoning., XIA Bogian, ZHANG Xiping(69)
Research on Corrosion Monitoring of Grouting Sleeve Based on Piezoelectric Ceramics :-++--+------- DU Yongfeng.ZHANG Tlcmyun,l 1 Hu(75)
Design and Experimental Research of Piezoelectric Actuator for Round-Window Stimulated Middle Ear Implant seee
- KOU Yinxin, WANG Hehe, LIU Houguang., LIU Yaosong, ZHOU Lei, HUANG Xmsh(ng(80>
Study on Cavity Collapse Resisting Molding Pressure in WLP of SAW Filter
TANG Daihua,JIN Lhong SI Meiju, LUO Xuansheng XIE Dongfeng XIE Xiao(84)
A 2-Dimensional Fast Servo Tool Driven by Bidirectional Piezoelectric Actuator ---------
LAI Wenfeng LI Guoping, WU Zhishi, LOU Jungiang, YANG Yllmg(88)
Research on Double-feet Piezoelectric Actuator for Flexible Driving -- L KT R T IR T - QIAO Guanyao, HE Qing,GUO Dong(94)
StrainInsensitive Temperature Sensor Based on Optical Fiber Splicing Structure =-------o-eooeeeenee
- SONG Xiaoya, LIU Yinggang, LI Bowen, HUANG Liang, DONG ng[el, YU Dakuan, FENG Dequan(‘)‘))
Monitoring of Connection State of Bolt Spherical Joints Based on Piezoelectric Sensor
- LIU Ke, YANG Songsen, ZHANG Duan, JIANG Shiyu(104)
Optimal Design of Ultrasonic Motor Vibrator with Bending-Torsion Compound Mode --------- FU Baoding, LI Zhichen, WANG Hongxiang(110)
Spherical Ultrasonic Motor Based on Multi-mode Composite Piezoelectric Vibrator -« -« -ccocoeeeeeniniiiiiiiiii
- GUO Yu,LIU Haotong YANG Jianlin, LTU deng]mn(lllk)
Study on Band Gap Characteristics of Periodic Piezoelectric Array with Shunting Circuits ------«-----
- ZHANG Yaru, GUO Hui, YUAN Tao, SUN Pei, GU Rubin(120)
Study on Interface Pressure Measurement of Cable Connector Based on Piezoelectric Sensor ---«---------
- CHEN Jie, HU Libin, LIU Yang, LI (henymg. CAI Junyi, HE Jlahong(lZS)
A Fiber-optic Sensor for Non-contact Measurement of Operating Temperature of Brake ------------
- WU Taojiang, ZHONG Yong.ZHAO Ya, WU Dechao, LIN Wenmao,SI Yunyun(130)
Micro-displacement Amplification Mechanism in Piezoelectric Valve ------------ HUA Shunming,ZHANG Yu.PENG Yu,WANG Yigiang(134)
An Assembly Method for Micro-scale Shell Resonator Gyroscope with Out-of-plane Electrodes -----------
- YANG Feng,MEI Song, LIN Bingtao, XIAO Kai, LEI Ting,FANG Haibin(142)
Fabrication of Micro-Hemispherical Gyroscope Based on Fractional Blowing Technology
- ZHANG Tong,DENG Jiangtao, YANG Feng,MEI Song,XIAO Kai, LIN Bmglao, HAN Shichuan, LIN (Luplng(146)
Advances in the Study of Phase-controlled Focused Ultrasonic Transducers with Spiral Structure
+ ZENG Wei, YANG Shaohui, XU Haosheng, LI Weidong,ZENG Deping(149)




Vol. 43 No. 1
Feb. 2021

CHEERTL AT
202142 A

w5 O
PIEZOELECTRICS & ACOUSTOOPTICS

XEHES:1004-2474(2021)01-0001-04

BT X SAW i1k 25 Y i B 15 B S5 10T

FRE.E K. F K. EHLKTE
G T RH S W T3 L5 4 Pl 1 T o R S 30 % Y1 R 610054)

AR R (SAW) I IR 4% 1Y 450 A48 IR 8 etk S AR R M Y TR R S SCER B T — R R P SAW 3
Peas kBT A Lotk i SAW R BB R 10 T 1 o ARAEIZ T 1R T AN T R TR B e FRL R i SAW
B A B BB JRAS PSSR 19 SAW ISR AR SRR A . LIRS R W] P4 SAW B8R 7 % il ~300 C1Y
B Tk S PRI B B ARG M bk B . IR B AR BT O ik B S B B I S T 4K 1 B L T ) ) A
AR B RE R RN SAW I8 B & BRI BE & .

SRR < P A AU 5 R R AL SRS 5 AR B R 2t o R PR

B E 4K S TN65; TN384; TM22 AR E RS A

Design of Temperature Sensor Based on Double SAW Resonator

YUE Huhu,PENG Bin, LI Ling, WANG Bowen,ZHANG Wanli
(State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science and Technology of China,
Chengdu 610054, China)

Abstract : In order to solve the problem that the frequency and temperature characteristics of SAW resonators are
nonlinear, this paper proposes a method to design a SAW temperature sensor with linear output by using two SAW
resonators. Two SAW temperature sensors based on lanthanum gallium silicate piezoelectric substrates are designed
in this paper. Each sensor is composed of two different SAW resonators in series. The experimental results show
that the two SAW sensors show good linearity in a wide temperature range from room temperature to 300 C. This
simple and effective design method has the ability to achieve a wide temperature range test, and can be extended to
the development of other SAW temperature sensors with larger second-order temperature coefficients.
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Study on Finite Element Simulation Method of Piezoelectric Acceleration Sensors

FU Chengcheng' , GAO Cheng’ , HUANG Jiaoying’ , ZHANG Weifang
(1. School of Energy and Power Engineering, Beihang University, Beijing 100191, Chinaj;
2. School of Reliability and Systems Engineering, Beihang University, Beijing 100191, China)

Abstract; The piezoelectric acceleration sensor has the features of wide frequency bandwidth, simple structure
and good high-temperature performance resistance and has wide applications in the complex mechanical stress and
high temperature stress environment. And it is an indispensable device in special application like aero-engine health
monitoring and explosion impact monitoring. For the design and research of piezoelectric acceleration sensors, the fi-
nite element simulation is often used to analyze their natural frequency, response and the status under mechanical
and thermal stresses. Based on the principle, structure and the basic flow of finite element simulation of the piezoe-
lectric acceleration sensors. the main problems in finite element simulation of piezoelectric acceleration sensor were
investigated. According to different types of structures, the structural simplification methods in geometric modeling
were concluded. The main simulation methods for bolt pretension were analyzed. The partial simulation and overall
simulation were distinguished and the simulation methods of the natural frequency were summarized. The simulation
methods for different stresses were discussed according to different excitations.

Key words: finite element simulation; piezoelectric acceleration sensor; structure simplification; bolt pretension;

natural frequency; stress simulation
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Research on Surface Acoustic Wave Indoor Positioning System and Algorithm

DAI Chongyang' ,CHEN Zhijun' ,ZHAO Wenyu' ,GUO Jiajia' . XU Hailin* , HAN Yu'

(1. College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;

2. Deqging Huaying Electronics Co. , Ltd. , China Electronics Technology Group Corporation, Deqing 313200, China)

Abstract; In view of the passive advantages of surface acoustic wave(SAW) technology, an indoor positioning
system composed of SAW tag and reader is set up, which can effectively reduce the influence of multipath effects
when measuring the echo signal strength of the SAW tag. A positioning algorithm based on trilateral positioning is
designed, including three stages of ranging, satellite selection, and position estimation. All possible situations of the
positional relationship among the three positioning circles are analyzed and the adaptive corrections are carried out
accordingly. The simulation test results verify that the positioning error of the positioning algorithm is smaller than
that of the radical center method and the weighted centroid method. The system test results show that the positio-
ning system can realize positioning range of 2 mX2 m with an average positioning error of 31. 84 cm. The indoor po-
sitioning system and algorithm achieve smaller indoor positioning errors with fewer anchor nodes.

Key words: surface acoustic wave tag;indoor positioning;received signal strength; trilateral positioning
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Design of an LC Filter with High Reliability and High Amplitude-Phase Consistency

WEI Qiang,ZHOU Yu,CHENG Qian,ZHANG Jingwen
(The 26th Research Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract: In view of the fact that the mass-produced transmitter-receiver(T/R) modules for phased array radar
require high amplitude-phase consistency of filter, the factors influencing the amplitude-phase consistency of L.C fil-
ter is analyzed in this paper, and the components and process flow related to the product reliability is investigated
from the aspects of circuit principle and structure. A filter with the out-of-band rejection of greater than 60 dB at
3 GHz, phase consistency among filters of less than or equal to 5°, amplitude consistency among filters of less than
or equal to 0. 2 dB is designed. The results show that the filter has good shape factor. good out-of-band rejection and
high amplitude-phase consistency. The filter has been used for the T/R module of a high-reliable satellite-borne sys-
tem to meet the requirements of amplitude-phase consistency in mass production.

Key words: reliability; tolerance analysis;amplitude-phase consistency
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Dual-band Balanced Filter Based on Double-layer Sector Substrate
Integrated Waveguide

ZHANG Sheng, JI Chao, WANG Kang

(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: A 45°sector substrate integrated waveguide resonator (SSIWR) with a pair of complementary split-
ring resonators (CSRR) etched on the surface was proposed. A compact double-layer dual-band balanced bandpass
filter with high frequency selectivity was designed and fabricated. The differential-mode dual-band response is real-
ized by using the CSRR with bandpass characteristic and the TM;,, mode in the cavity respectively. The coupling be-
tween modes and the introduction of defective ground structure (DGS) made the filter produce four transmission ze-
ros near the passband, which improves the out-of-band rejection. In addition, good common-mode suppression has
been achieved through the balanced structure and optimized feeding positions. The center frequency of the filter is
10. 13 GHz and 10. 83 GHz, the —3 dB bandwidth is 140 MHz and 150 MHz, and the common-mode suppression in
the two passbands exceeds 30. 36 dB and 29. 87 dB, respectively. The measured results are basically consistent with
the simulated ones.

Key words: balanced filter; dual-band bandpass filter; sector substrate integrated waveguide; double-layer struc-

ture; complementary split-ring resonator
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Notch Filter Design Based on YIG Single Crystal Thin Film

WANG Dayong' . YAN Zhigang' , AN Dixi’,LI Jun',ZHANG Pingchuan',LIU Yingli’
(1. The 9th Research Institute of China Electronics Technology Group Corporation, Mianyang 621000, China;
2. School of Electronic Science and Engineering, University of Electronic Science and Technology, Chengdu 610054, China)
Abstract; To solve the problem that the assembly and debugging process of Yttrium Iron Garnet( YIG) sphere
notch filter based on sphere coupled resonance is complex and not conducive to multi-channel integration., a structure
and design method of YIG single crystal thin film notch filter implemented by magneto-static wave(MSW) technology
is proposed in this paper. A practical YIG single crystal thin film notch filter with the tunable operating frequency
range of 6~8 GHz was designed based on analyzing the operating principle of the single crystal thin film notch filter
and optimizing the numerical calculation and device simulation of the angular frequency and wave number («%) dispersion
characteristics of magnetostatic backward bulk wave and magnetostatic wave excitation characteristics of microstrip excited
resonant transducer. The simulation and experimental results show that the notch filter can ensure good pass-band inser-
tion loss, stop-band depth and 30 dB stop-band bandwidth, etc. in the tuning band of 6~8 GHz.
Key words: notch filter; YIG single crystal thin film; magneto-static backward bulk wave;dispersion; radiation
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Fifth-Overtone Crystal Filter with Small Size and High Frequency

PENG Shengchun, YANG Hao,QIU Zelin, LI Yafei, ZHANG Jingwen, HOU Jingchuan
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract; This paper presents a method to design crystal filter which has the characteristics of small size, high
frequency. By adopting the fifth-overtone design, the operating frequency of 140 MHz has been realized, and the
cost is reduced and the reliability of device is improved. At the same time, in order to achieve smaller package size,
the chip size and magnetic core are designed in small size to ensure the performance of the filter, so that the size of
the chip is only half of that of the conventional crystal filter. The results show that the working frequency of the fil-
ter is 140 MHz, the 3 dB bandwidth is 11 kHz, the in-band ripple is less than 0.5 dB, and the stop-band suppres-
sion is greater than 50 dB.

Key words: crystal filter;small size;high frequency;overtone
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Baseline Free Lamb Wave Damage Monitoring Based on Symmetric Response

WANG Jing' , HUANG San’ao’, SUN Jiawei’ , WANG Qiang’
(1. School of Electronic and Information, Nanjing Vocational College of Information Technology. Nanjing 210023 ,Chinaj;
2. CGN Inspection Technology Co. , Ltd,Suizhou 215004 ,Chinaj;
3. College of Automation & College of Al, Nanjing University of Posts and Telecommunications, Nanjing 210023 ,China)
Abstract; The Lamb wave based structural damage monitoring is a research hotspot in the field of structural
health monitoring. In order to overcome the limitation of the damage monitoring method based on benchmark is af-
fected by the difference of environment and working conditions etc. , a baseline free Lamb wave damage monitoring
method based on symmetric response analysis is studied by analyzing the propagation of Lamb wave and the damage
mechanism. In this method, the piezoelectric array is arranged symmetrically to obtain symmetrical response sig-
nals. Furthermore, the effective wave packets in the symmetrical response are compared and analyzed by Pearson
correlation coefficient method, so as to find and locate the damage scattering signal wave packet, and then realize the
damage monitoring. The experimental verification on aluminum plate structure shows that the method can directly
determine the occurrence and location of damage according to the obtained responses without any benchmark signal
comparison, which has certain significance for practical engineering applications.

Key words: damage detection; Lamb wave; symmetric responses;baseline free

0 B FAAE— JE R IR M 5 BRIV 22 A5 4 P ORI 1 . X 8

200 (Lamb) 3 45 K 35145 105 00 0 — 7 2 205 #g FEOR AL IE R — R B RS T Lamb ‘/&’Tmfb
R W S 5 R 7 D 1 P A R/ W B W IR 5 AR, P KRR . R e A S 2 [ B
2 B /NI SR AR X — B R ik BE gy AR BSOS R R RO £
SRS TR B0 A AR R B AR A NI BESRUR FIR  £55 A fif o B A ] A
S WA IR 22 B AT RO B S SR T . B— g R TESCWE SR T A5 S B X 25 05 5 20 B A
Iii » Lamb 7‘)3‘21’@@#%*%55!%5’9*@%%&1»\%% SUN 9% SR TR B R, AT R iR bR XER, 7R 2 K

I 75 B #5 :2020-09-27

EETE 15 5t 5 B F AR 2 e e 4% 4 55 68 B3 H (YK20160102) 5 [ 5% 5 5 BF & 1% 56 45 %8 B H (2018 YFF01012902)

EE® T EF 979 . %, Ejml#iﬁzl)\s AR A, RN R A W Y. GBS AR IR (1980, B B L A, £
ANFE Lamb % 45 1) 4 BFE W50 | 56 2F A% )% 3l 5 55 A0 346 7 I 19 P %X . E-mail: wangqiang@njupt. edu. cn,



34 E H 5

= 2021 4F

FIAIFFE F s — B0 R FH 2 Al Dl A I AR 300 1550 3% 7 1) 52
M o ) B SR FH o £ 5 9 X5 38 2o 43 B X B 5 4
I 5 45 A8 i 1 A5 5 10 788 4 5 ke S B 49 1 40 1) e
PLEF . SR, i T W PR ET L T00 L omy 46 2 1 1 22
S G2 OR A 5 0 W D ik A B A AR
HR TG — ST A ) 80, i R 2= N S04 4 ) o
BT B AR AR s DT 5 W 00 5 S 0% o A 1 e ke s g,
2 RA .

TETCHELME Lamb i 45 44 461 7 W 0 7 10 » & ik W
BRI B AL RS 5 A B 25 0 U A
T U A A% B AR RN BTG 3 A% 8% i) 7 A 5 H AN A
TE B SBT3 493 0 2 IR UL DR ok AT R
BPE R . T R RN I O 2
— ol e 5 6 T v A A0 D i G R AR R 45 B
) W A5 5 A% 6 A 2 1 00, 3 B0 B) S e R AR
Fhy 22 5 o 20 17T 40 LA 00 e 3 R B A 90 405 R AR A
M. ERFEE— R ESC T Lamb 3 J6 3 v
P05 WD AR A7 A — 2 1Y R R G B AR R R
o B AR R B IR 2 — L5 R B A S WO AR S
AT ME AR B, B TR A) S B ARG
SO ) 3 3 R A S B R R s T I — Y
PR 41

AR SCAEIA 3T HE 51 19 Lamb 3% 458 475 W )
DB b B S 3 Ak X FR A% R A S 1 43 A SRR
0515 B R SE B IC S E Lamb I 4544 31 475 W5 00
X Ry Lamb Y 25 #4) fg B W I % J& Fn oz 32 48 1 8 1
SR .

1 Lamb J% & # i 22 547

Lamb I 2 — Ff ke 5% (9 88 75 D%, AL 35 5 X T
3 R R FR AR SRR S X B A X A 2 AT ok ST
TEMR A AL HE . AR S JE Ry 2d , W 7E H i f%
B 0 AP Lamb 3% 0% 80 5 20

tan(gd) _ 4R pq : o
Jtan(pd) (B2 —q¢*)? X PR 2
tan(pd) _ 4k'pq SN
1tan(qd) (B> —q*)? N R

@)
e p? = o'/l — k% el MNBLBE s & PR
q" =o' /ch — R oo ARTIEGE . XD BT R AR
AT X AR B BT B2 19 22 A gk 3 31 X T 0T R A
SoeSiaSon e s R FRBE A Ao Ars Ao AR
Y R 1 figp 25 18] 195 B » 1] A5 2 2245 25 00 it 2 (UL ]
Do i B AR AN R R R B Lamb 345 5

{1 1 4 S B8 2 kA 5 9 S A o B 2 A8 e BRI

10
. A\K
S

b

0 1

oo

N

N

AT/ (km-s™)
==

2 3 4 5 6
PR /(MHz-mm)

—_
(=1

BEE B /(km-s™)
S (=)} o0

)

0 1 5 6

2 3 4
SEFY/(MHz-mm)
B 1 GRAR A Lamb ik 1% 36 4500 th £&

H T B R Hs v R % O 1) AN SO PR L 2 0
FEAUNL T v 24 5% BT J v e 4 Sk 0 0h % 45 A% IR
., P8 Victor Giurgiutiu 2 Edward F. Crawley
SELO Y F g AR S TR HL R e R AR T
Lamb i sl ) #0085 A%y

ulx ) |,oyg = — ?%}sin(kw)ﬁiiiiie“s"”’” —
ary . NaCka) i vu
G;sm(k‘\a)D,;((k;))e%A‘ )
(2)
Horp
Ns = q(k* 4+ ¢* ) cos(pd)cos(qd) (3)
Dy = (k" — ¢* )" cos(pd)sin(qd) +
4k* gp sin( pd) cos(qd) 4
Na = q(k* 4+ ¢* ) sin(pd ) sin(qgd) (5
D, = (B —¢*)*sin(pd ) cos(qd) +
4k qp cos(pd ) sin(qd ) (6)

A ca W TEHL R 248 7o O T R 5 S5 0 45 2% 1
NHIBTN TG D9 BT VIR 5 ks R 23 30 S X A A X
A R B . (20 85 A i B — B 40 A X
PRI AS A - 5 — 80 0 o B PR AL A% A . i
ENCALIE IR ER=E TR X7 hab SRk R R R 1)
POE EE SRR « A, HIg bW — bR 45
b AT o TR B9 Lamb 3525 44 06 B A5 5 0 2 — 2K
(o SR o Fhy 408 15 25 B DA A A7 7 2 IR 3K — i)
LA — Sk . 51 {5 5 8] B9 22 5 1 . TR . 38 i o3 A



%13 +

sl S4F + B X R R SO PR TG v Lamb 382458 473 4 35

X L H A A ] 7 1 i A2 14 285 K0 Wi 6 {55 o T LA S )
075 45 B DR R A 23 B AR
2 T AR B4 AT B9 R R E R I

7 #

AR 3 (2D T 7 1 2 T v AR AR 1 Lamb 3¢
P 55 A B A SR TR R A L A AL SR B B o R AR
R R 2 A T B2 AR 5 o 453470 00 A (] 3 A 1) 52 ) 2 ok
X R W I e A A A 51 RS I R ) Y 22 57 5 9 O oK
S5 ) B M oL P 300 A Ry 3l ek 20 A Xk A e 00 30 A 1Y 25
ey W) SO 45 5 22 P BT S BN 4 05 £ 8 B 10
2.1 EREIGEIRT

Jie HLBE S Lamb 5453 473 000 v 7 45 22 1) —
Tob A2 S Rl A LT v . R LAY R 8 A
oA S UL 20 o A A2 B 28 R 5K 7 i o id
LB PR E AT A Bl 2 (h) Al X
T IR — A T B P 2R R R R AR A o A
A8 MR M R A 5 FAT R TR A I 30 e R A 5
A5k b G B O 22 5 R MR A B L . e
BUSHE 5 28 A [ 4 4% I A 300 3 W A A% s o A AR
PR ) A AR 25 X e s 000 B A2 T 8 45 R D V55 2% L &
A AN TR 9 A8 R & DA X6 A [ 18 5 4 Wi oz A
K B 5 R A5 5 22 5%

J:E%f;%!ﬁ&%%

cé o o o
o o o o
o o o o
Fr4i
(2) W20 2 FL R 30 B 6

(o) XTFRAE I e T 0155 5 P A T
2 R A
2.2 XEFRMARZAS S 53 47 R AR 7
AL IR B2 5 VR T W B AR R R
2 %8 P B 52 000 5 A6 S B D0 e, B8 G BRCIR S
R M 0 T 5 R N A7 AR — R Y

2E 5tk . PR X LR 25 U5 s B AN ]
M IO {5 5 [ Y 22 S 00, L A R B B g 45 2R .
% BB A R 4% 1% 25 A AR R 45 Lamb ALY
S HE R 1 B AR AR AL L S B TE 2% A A
I B[] FVBIE TL T AR TR DR S 05 5 10 22 S 1 AR
RLEE I X B et R o HLTE 5% — 3 3k A [) A9 i 42
TR A AR AR BE i 2 1 06 B BRIV BT Ry 40 4 R
(N1 C IR ERER] Z IR DAL

T SEBE B R R B B S e A 2R R A
ST EXHE S AT AL AR I AR IR AL 2 (O
B % s D AR AT 25 AL W (BT L B4 ) 1 L B2
WAL rg rhoL B PR

P = [1: ]| atsien oo /ae1) o D)
Kb i HESHME DA,

YR R B B iy T 2 I A S 0 BB i AT X
I ARARLRE TH A . e IROH b — 2 A S O i B
U DAHAT 32— S IO AU (E I 21 ¢ S vt Y
T K T Ay I [ R e ) 4B 2B e A S 1
THEEIX A P AL A ARARLE o A SCOR T B 2R AH G &
Y Cr SRR VSN R SRR P AN p L <]
MG 2 R B k. MTRENTH
PRALAE S ZFHALRE 33 AR 5 Bl

T T -
r= \/[2’“(”l‘z(ﬂjz/[zﬁ(z)Zx%(t)]
0 5 5

€))

Kb o O (O NEREREFENES.

S5 5 o K T 2 W 7 A S 0 LA G il S D
BLAH R REL (G W BAE S 5 510D 23 i R ok
3 A A I 20 ) 28 RO v A S e AR — A
AR TR G 1 M 1 B A0 R £ 5 2 e R B AT 3R AS
HUF 5 4003 U 15 5 R I A A6 L AR A O 3
RIS (] SRS B 45 0 B A8 B .

AR A bR D L, A5 380 e T X0 B el 17 A5 = 43 BT Y
B0 S RN

1) 3 5E [ — s 96T H A A [ A% 46 % 42 70 2%
74 11 TR 2% 00 B A2, 7 45 A8 Tl LA B — 0 2
7T Lamb J 45 44 i W {5 5 o 4% 86 R 46 0 4% 1 DU
BEAR R B 45 AL A

2) Xof R AR B A5 S A0k Ak L T B O A
Lt B R A S

3) X UB S BOAE 5 IBUE S A 4% OF AR U A 2% i
JE B AZ L RE e AR 5 i A B TPl AL



36 E H 5

= 2021 4F

Ay DA rp— o A 5 Ry 15 R M L 7R E A
AR FP O UL DA Dk v o B L SR F (8D
BAX HEAAE T B AR, B = RS — 1
ARARLFEE ARG T 50 1L 1) DB+ 0 g I A WA (T 3003k 1 2

5) A4 Gy — LR N A o TS L v, A AP PR
4) , ZRAG W AF T 22 S R P W (R B Ak I 2

6) LA $2 IR XoF Bk 45 4 0 LA S 22 S Ak B
F kw2 AR AL E
3.1 XWEESEH

Y B bR T 5 R A R A R B Al 45 A
EREAT T HAIE. SR ] 6061 48 AR R 45 M IR B
. R~FR 600 mm X600 mmX6 mm, N T faifk sk
fF Bt 7 4 AR R R E T RS J oA
B R IR B 05T 1 3 R 200 mm, D) AR 4
A RIS L T W= & S A - S T I B
(100 mm,100 mm) .2 # (—100 mm, 100 mm) .3 #
(—100 mm,—100 mm) .4 # (100 mm, —100 mm) ,
SR A L AN B 3 TR o S o R RS U o
ey J5 2Ok A S48 5 1 & A B0 R AR AR
(50 mm, 10 mm), A Tk A —HE K FEH Lamb
W AT 5 o el SEER I E L AP O AR AR Sy 225 kHz
(¥ 5 J& I A% 9% 8 1 IE 5 A5 5 M WO 5 5 R
() Lamb i 25 #m i 2L S, BN L itk 715
S . R PICO4824 £ M) REHUHE R 4R R i
AT AR R AR 5 & A= FAE o R B U5 & &R R
KRy 80 MHz, B R AR HEHR Ny 20 MHz,

24 A
O Y
3y P iid
(O r
(a) LR (b) Hs HLFE3

M3 Seseil fF X )

3.2 KBHIESH

MRS 2. 2 39 FE T X R LA -5 0 A7 1 46405
I R S R B AT SRR I B AR EE 12 TR
Frnh 25 48 el R AR R LU 3 2 TR AL i
2% A& I iR AE 2 AR AR . T ML 0k IO R
N AR R AR 5 AT e T B ACa) Ty 1 # TR H
Frifa 25 (WA 4G SLZR P (1 2 Tt 7 Bl
4 £ R BRI IE 4 ) o g R ) 15 31 1 45 14

W A5 5 . AL 4Ca) AT & i, BT 4L B 5 5 7E 15 5
B U A AN B 3k I () A5 T LA AR = A AR
BEHE TmHES RS LR ERERR Hib
W A5 5 M IR B W v O A A I I 25 . BR DR IR 1
B S fAER K2R AE S IRmYs
(DL 4(b)) AF 5 P28 BT W5 41105 5 76 B
SRR 2. R S E S S
WA 1 B35 B 2 JEA T AR B, O T BRI 5 o L B PR 0
{BLIZE /N T 3 U0 U A0 S R ) {5 5 A L T DAAR B 4%
WA o s A CILE 4 g “o” 47,

) 0.05 0.10 0.15
i ] /ms
(a) I 3RPTE
1.0f
2
= 0.5
=
0 0.05 0.10 0.15
i} 5] /ms
(b) 155 tu

B4 1z R R il 2 2 (4 2 T R e BB AR 25 4 ) DA 5

FT T 0 37 A F L I I I A O OR AR X 5
1% 4 IR BE A 5 I f TP O i EA T LA (L 3 5 2
AR — R i 2% PRI SR TE B R B SR A S
FERCH 9 P AL T3 b — 2 A 5 14 D BOE 24 SE
3R HIE AR SCHE I 5 A SR AE 0 o LUTHIA s i A
DL E foe KB A v o P S IR A AT B B2 {3 i e A ]
5 7R o i 3 S R R T B 28 E BRI A
AL 0. 770 6,

0.8

0.6

04r

FRABLEE

021

0L
324 326 328 330 332 334 336

I A /ps
B 5 1# BB 28 48 F %8 655
T35 T O A AR L B



%13 +

P 5 45 A7 B AL R AL TH S 45 R n &) 6
iR . HEF LA WA E S0 3N 3 I 2
UG AL BE JF b s B B Y 22 k. A )
TE IR — > AN T AH BLRE B (AR ST R 0. 7) Y I
£, 45 2P LA 5 b 45045 B AR 5 UG (B 1Y 3 3K B )
439124 0.099 7 ms F1 0. 095 8 ms, HLHEF K w]A]
Wk T R OR . AT DL A 3 5 0 A5 2R R
(31 mm, 22 mm), 5 H LB PO SR ER

(—19 mm,12 mm),

1.0
0.8
= 0.6
=
Z04
0.2
0
0.02 0.06 0.10 0.14
i [A]/ms
(2) T#H )T B 24 I Ly A IR
10 W A 5 R A LS
0.8
m 0.6
=
%04
0.2
0L,
0.06 0.08 0.10 0.12 0.14
i} 6] /ms
(b) V#Hs HL 7 Bsha# s v 4% gk
W J8 A5 5 A5 Y A A AL BE

K6 1 JEHL 3R 24 42 JE i 2 R T B 45 #
Wi 7 155 5 4% I8 A A 1L R T R 4 2R

HE PRSI RE. 35 R U 22 (LK 7
SLEREIE) 4 £ (WL 7 B4 TR e i i A% AT )
s R A o S AL 2R N & 7 s . A R AR Y
B A0 33 R AT LA A R O A B
Z153 52 0.105 6 ms A1 0. 107 5 ms, i i3T5 153
B A W g5 R R (29 mm, 26 mm), % 2N
(—21 mm,16 mm), Zatsrtr, 5220 F LR
THA30H R A O 2 B B A T g 25

1.0 T

0 0.05 0.10 0.15
i i) /ms
(a) NPT

Bh S5 ¢ 3T X R R Y JC L ME Lamb % 453 45 W 37
1.0
=
0.5
=
0 0.05 0.10 0.15
B ] /ms
(b) R 5%
T O3HIEE A 25 42 EE AR
L5 F R N AR 5

Hy P A ~7 Al R el TSR P 2 A e %

i+ 7 A AORE T fd FROIR 25T A e B A S PR B

355 PR AR A 5 R AR 25728 Al B HOR 458 0 M 0 £ 5 i A

RNEAETE.

4 HERE
MARZ5 K Lamb % 5 091 72 10 % . 0 A7 7%

PRAG A Lamb 5 4544 W0 W A5 5 09 45 A5 FF AR 98 5475

XHAE S AL AR JHHLIR ., 45 17 56 T X0 B e £

5 MR TR ME AR O e D 5 s A R . &0 Sk

SR B S B Ik, 3% 07 ¥R AT LLTE TG R O A

A5 PE T SR 0 s K 2B DL S s HLE L K

BEELT .

SEHK:

(1] A4 il F, REH % JE T Lamb J5 AR G

SYBT ST A BB A A AR I T ). e 5 06, 2018,
40(1) :149-154.
BAI Shengbao, XIAO Yingchun, WU Zhanjun, et al.
Damage monitoring of composite strucures based on
Lamb wave and canonical correlation analysis[J]. Pie-
zoelectrics & Acoustooptics,2018,40(1) ;149-154.

(2] 5l Bl e A0 3 Ja 54l v 7o 40 A dole g o ) AF 5%
()], 4R .2020,39(4) :434-438.

ZHANG Haiyan, DUAN Weihua. Defect detection of
thin aluminum plates in frequency-wavenumber domain
[J]. Technical Acoustics,2020,39(4) :434-438.

[3] WANG Q,XU Y F,SU Z Q,et al. An enhanced time-
reversal imaging algorithm-driven sparse linear array
for progressive and quantitative monitoring of cracks
[J]. IEEE Transactions on Instrumentation and Meas-
urement, 2019,68(10) :3433-3445.

[4] NA W S. Possibility of detecting wall thickness loss u-
sing a PZT based structural health monitoring method
for metal based pipeline facilities[J]. Ndt & E Interna-
tional,2017,88 . 42-50.

(5] E5m. MMk A, 5. KA K] Lamb #4845 b
fF5 —B a2 ik D], i 5 76, 2017,39(6) -



38 E B 5 & 2021 4

912-916. sonics, 2016,70:147-157
WANG Qiang,ZHONG Pengda,PAN Ruiyi,et al. Sig- [8] LIU P,SOHN H,PARK B. Baseline-free damage visu-
nal consistency compensation method for PZT Array alization using noncontact laser nonlinear ultrasonics
and Lamb wave based damage monitoring[ J ]. Piezoe- and state space geometrical changes[ J]. Smart Materi-
lectrics &. Acoustooptics,2017,39(6):912-916. als & Structures,2015,24(6):065036

[6] LIF C,PENG H K, MENG G. Quantitative damage [9] VICTOR G. Tuned Lamb wave excitation and detection
image construction in plate structures using a circular with piezoelectric wafer active sensors for structural
PZT array and lamb waves[ J]. Sensors and Actuators health monitoring [J]. Journal of Intelligent Material
A :Physical, 2014,214:66-73 Systems and Structures,2005,16:291-305

[7] AGRAHARIJ K, KAPURIA S. Effects of adhesive, [10] CRAWLEY E F,DE LUIS ]J. Use of piezoelectric actu-

host plate, transducer and excitation parameters on

time reversibility of ultrasonic Lamb waves[ J]. Ultra-

ators as elements of intelligent structures[J]. AIAA

Journal ,1987,25(10) :1373-1385.

BT 2021 E(EBRE5FRY$E

CFEHL 50 ) Ze i 2 b B e R 8 AN A 465 — N FSE i 90 B AN A TE R AT I ARV S H A
PLE AR E T, B WS — RS CN 501091/ TN; [ Br 5 i T 5 ISSN 10042474 ; [ Fr 7] £ 18 75
(CODEN) : YASHE7, % H i,k 16 JF,160 71, W H H A, S 20, 00 JCANRT) - 42 4F 120. 00 JC.
CHeHL 5 ) g 4 [ P Sei D T R (GCIO) s Elsevier Scopus %04 28 15057 39 1) 5 98 (b 24 SCH% ) (CAD I
SEHA P s H AR CRE 24 AR SCHREE R ) JTICSTOY W s 8 15 3 2= CRF @ 25 1) (TO) YS9 10 s op [R5 36 Sc s 3t
PRSI 5 e 60 39 ) 5 B U808 107 5 o 2 RS0 ) Ol 48 RO ) e 61 390 ) 1Y )4 Sl s 0 1 468

CHEHL 5P O0 ) B HGE 2« F 5 i bR R H 22 i R T L W A e 5 137 ol P AR SRR L T T
1B IRES R G0 S LT AL AR L s 75 7/ 6 F S R BR300 R R R TR 3R G 4 L R L 4 K R A
AR BAR BRI R S i/ MEMS/ 2 BR /G LR/ RUBE I8 I e 3 5 AUR CALE L R G DL R 1
FARE T2 IR A s Bl A R IR R TC TR R I B 4L B S R

(R 5706 ) 22 3538 A 3 by 1B P9 AR B2 9 7= i B3 2B 7= o v B L B VR BB LR
TR 6 2 b 1 K 2 e A8 U A A B v 14 AR 4T 1 AR e AR N B B i3

TR A Al A5G 20T 5, ] 3@ o8 PAR =0T 3 .

LA

1) R sy i ik - 5 DR T R R X RS BF 2513 5 A <O HE 5 7 0% ) gt 48 3 (400060)
2) FRATICZR CUT B BA A 38 H5 15 T 5 A B FiAe 45 1 4 st ik 25 45 i %)

el Ao SR NN S R s ST /A i o aN O T

FFPERAT: TR AT B KM 5 0 A7
M =:3100027109008801342

RIT

172 :102653000232



H43BH 1 E B 5 & Vol. 43 No. 1
202142 A PIEZOELECTRICS & ACOUSTOOPTICS Feb. 2021

NXEHS:1004-2474(2021)01-0039-06 DOI:10. 11977/j. issn. 1004-2474. 2021. 01. 009

A TREEREEREFHIMRTIEIT
SR KB AR

(LR BT R U DR B LT K% 11602452, JEHL TR L TF BV 5 A LR, 107 KiE 116024)

OB XA A L IR A B RS R R T T R A R S RE R B A . IR T AT I A
oy T HL B B WA 07 RE A0 AR BT O B2 R 5 DAL BT O 52 . W St R S A R A R SRR 0 R ) IR RE B 5 )R R IE
P HLBE A 5 18 A3 SR 0/ 0 5 H UG S A R IC 05 FURIF ST T BE IS AR i — IR £ 9% (PVDF) i H W 5 RS 5 6 7 L b
ASHYSE AR 4 ) PVDF /Y R RS AT AR 5 B 7 AR R A DX SBRE 49 6 o 15040 B 58 4 48 B I, O 4 1 DL AR AR B 5 B
S5 SR I UE TR 25 R Ak R A R M G B SR A R T AR AT E . et B L
SRR N 125~150 pm, 8534 19~22. 2 mm, i F42 K 10~15 mm, 4 B E R 13~18 V,

KGR < T SF A ) TR 45 ) 5 HL RE WA 5 R TR 2 (PVDE) s {4k

HRESES TN712; TM22 MRS A

Research and Design of Wearable Cylindrical Shell Piezoelectric Energy Harvester

BAI Fengxian' ,ZHANG Mengjie’ ,SUN Jianzhong' ,DONG Weijie'
(1. School of Electrical Engineering, Dalian University of Technology, Dalian 116024 ,China;

2. Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Dalian 116024 ,China)

Abstract: To solve the problems of power supply and endurance of wearable devices, a piezoelectric energy har-
vester with cylindrical shell is adopted. The nature of the wearable piezoelectric energy harvesting with cylindrical
shell is explored, and the structural optimization design scheme is proposed. Firstly, it”s pointed out that the carry-
ing capacity and initial energy of the cylindrical shell structure are proportional to the thickness, and decrease with
the increase of the span. Secondly, the relationship between the size of the substrate and Polyvinylidene fluoride
(PVDF) piezoelectric material and stress and strain are studied by finite element simulation. It is found that the size
of PVDF should be consistent with the area with larger stress and strain as close as possible, and it”s unnecessary to
cover the substrate completely, meanwhile an optimized model is given. Finally, the rationality of the optimized si-
zes of the thickness, span and radius of curvature is verified by the experiment. Considering the comfort factor of
human body comprehensively, the optimized design scheme is that when the thickness is 125~150 pm, the span is
19~22.2 mm, and the curvature radius is 10~15 mm, the output voltage could reach 13~18 V.

Key words: wearable; cylindrical shell; piezoelectric energy harvesting; polyvinylidene fluoride(PVDF) ;optimization
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Modeling and Experimental Study on Radial Dual-Piezoelectric Stack Actuator

JIANG Yulei,ZHU Yuchuan,CHEN Long,TAI Minghao.ZHENG Shufeng

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract;: A radial dual-piezoelectric stack actuator is designed, which can realize the single piezoelectric or dual-
piezoelectric stack driving, and can amplify the displacement output without increasing the axial length of actuator.
A piezoelectric dynamic hysteresis force model based on Bouc-Wen is established as the force input of the whole dy-
namic model of the actuator, the parameters in the hysteresis force model are identified based on the least square
method in MATLAB/Simulink. The simulation and experimental results show that at the excited signal of 140 V
peak-to-peak value and 70 V DC offset, two piezoelectric stacks with a length of 18 mm can output a displacement of
about 55 m under the compound driving, realizing the displacement amplification output of the actuator without ob-
vious attenuation at high frequency. The established dynamic hysteresis model of the actuator well describes the
voltage-displacement hysteresis curve of single or double piezoelectric stack driving at the driving frequency of 1~
600 Hz. When the driving frequency is up to 600 Hz, the maximum root mean square(RMS) error and the maxi-
mum relative error of model are 1. 13 pym and 6. 1% respectively, which provides the basis for control of high preci-
sion actuator with large displacement.

Key words: dual-piezoelectric stack;actuator;frequency dependence;hysteresis; parameter identification
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Study on Antistatic of High Frequency Acousto-optic Deflector
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(1. The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China; 2. Military Representative
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Abstract: A high frequency and antistatic acousto-optic deflector with antistatic design is introduced in this pa-
per. As the working frequency of the high frequency acousto-optic deflector increases, the thickness of the transduc-
er becomes thinner and thinner, the breakdown voltage becomes lower and lower, so it is easy to suffer from the e-
lectrostatic damage during the transportation and use. In this work, an electrostatic discharge circuit is used to pre-
vent the transducer from accumulating charge in the device, thus the problem that the ultra-thin transducer of the
high frequency acousto-optic device is damaged by the electrostatic has been solved, and the occurrence of electro-

static discharge is eliminated. The results show that the fabricated high frequency acousto-optic deflector sample

passed the electrostatic experiment of 8 000 V and achieved good results.

Key words: antistatic; acoustooptic deflector; transducer
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Design of Compact Wideband Antenna Based on Defected Ground Structure

HOU Kai,HU Yanwen,YAN Zhongming.,ZHOU Hongcheng. WANG Yu
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract; A miniaturized ultra-wideband antenna with defected ground structure is presented in this paper. The
size of antenna is 29 mm X 31. 5 mm X 1. 6 mm. A regular hexagonal metal patch is used as the antenna radiation
patch. A new operating resonant frequency band is generated by loading two split resonance rings on the dielectric
plate, which further widens the operating frequency bandwidth of the antenna. The current path of the antenna is
changed by loading a cross-shaped branch, thereby improving the ultra-wideband characteristic of the antenna. The

test results show that the reflection coefficient of the antenna is less than — 10 dB at the frequency range of 3. 0~

DOI:10. 11977/j. issn. 1004-2474. 2021. 01. 012

19. 3 GHz.

Key words: UWDB antenna;miniaturized antenna;split resonance ring
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Three-dimensional Pressure Gradient Vector Hydrophone Composed of

Bimorph Transducer

MA Xin"***, HONG Lianjin"'**, HUANG Wenxue', GUO Guangbiao*

(1. Acoustic Science and Technology Laboratory, Harbin Engineering University, Harbin 150001,China;2. Key Laboratory of Marine

Information Acquisition and Security( Harbin Engineering University) , Ministry of Industry and Information Technology,

Harbin 150001, Chinaj; 3. College of Underwater Acoustic Engineering., Harbin Engineering University, Harbin 150001, China;
4. Shenyang Liaohai Equipment CO. LTD,Shenyang 110000, China)

Abstract; The vector hydrophone can measure the vector information of the water mass movement in the sound

field. Among them, the pressure gradient vector hydrophone composed of two hydrophones is simple in structure

and is suitable for low frequency detection. The modal analysis of the vibrator composed of beryllium copper alloy

and piezoelectric ceramic disc is analyzed, and six bimorph hydrophones with good consistency are assembled as the

vibrators of the pressure gradient vector hydrophone. The sensitivity and directivity of the pressure gradient vector

hydrophone composed of bimorph and piezoelectric ceramic ring were calibrated. The results show that the sensitivi-

ty level of the pressure gradient vector hydrophone composed of the bimorph is 4 dB higher than that of the vector

hydrophone composed of the piezoelectric ceramic ring, the directivity meets the cosine distribution and the engineer-

ing application requirements.

Key words: pressure gradient vector hydrophone; modal analysis; bimorph vibrator; sensitivity
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An Energy Harvesting Method Based on a Novel Under-voltage Blocking Circuit

WANG Long,.XIE Zhijun
(School of Information Science and Engineering, Ningbo University, Ningbo 315211, China)

Abstract; The self-powered wireless piezoelectric sensor network has been widely used in smart home, environ-
mental monitoring and other fields. Each piezoelectric sensor node in the network needs to complete tasks with dif-
ferent power consumption, such as low-power tasks of data acquisition and storage etc. , and high-power tasks of
wireless data transmission etc.. For low-power and high-power tasks, a dual-module energy harvesting circuit based
on a new under-voltage lockout circuit is designed. The circuit has the characteristics of short energy storage period
and large capacity. It can be used for low-power-level energy storage modules for low-power tasks and high-power-
level energy storage modules for high-power tasks, which solves the problem that the traditional single module ener-
gy harvesting circuit cannot work normally due to insufficient energy or too frequent charging of the piezoelectric
sensor node when working. The experimental results show that the shortest energy storage cycle of the energy har-
vesting circuit using the new under-voltage blocking circuit is only 10 min, and the energy harvesting circuit can
drive the piezoelectric sensor node to work in high power consumption mode for 52 s, which is an effective way to
solve the energy supply problem of self-powered wireless piezoelectric sensor network.

Key words: under-voltage blocking circuit; double module; sensor network; self-powered; piezoelectric
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Finite Element Analysis of Ultrasonic Motor Stator with Residual Stress

LI Lei, ZENG Jingsong, LIU Guoning, XIA Boqian. ZHANG Xiping
(School of Machinery and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; In order to study the influence of the residual stress generated by high-speed overload impact on the
stator of the ultrasonic motor of the rudder in the process of projectile launching, the finite element ANSYS is used
to simulate and analyze the overload impact on the stator of the ultrasonic motor. The internal residual stress is gen-
erated by loading high overload acceleration, and the modal analysis is carried out in the ultrasonic frequency range
(30~50 kHz). The working mode is preliminarily selected, and when the frequency range is 39~42 kHz, the har-
monic response analysis is carried out based on the modal analysis to further verify the preliminarily selected mode
and analyze the performance characteristics of the motor stator with or without residual stress. The results show
that the residual stress of the stator after being subjected to high-speed overload impact has a certain influence on the
working mode and harmonic response amplitude of the stator, but has little influence on the working characteristics
of the ultrasonic motor itself, or has been improved within a certain range for the specific working conditions.

Key words: ultrasonic motor; high-speed overload impact; residual stress;modal analysis; harmonic response analysis

0 FF

Wit 5 A A 1 A O ) 5 R R U i
i SR H U1 S S B B bR v T ok i A
i ) S 3L TR AR R BB LB AR R A
RAF 2278 Wi O L T LA A0 T 4 fk B 4% 0K 5l 75
[N N (SN iR AN v LR A 1 N
SR R AL LA S FE B O WKl SR . AR BB
SRV TN T R RSP NI S N B B X TTE - N
AT o 3 ok 28 o ol B 058 o X8 45 R P B R I 11 T
A A o AL R R 22 4 A B AR A L D T i,

Y %5 B #9:2020-07-22

AP A e SR . Rk R
sty PR RE » 38007 il 3 O & AR A TR PR R X
e g vty J PR R HEAT 20 M I BE AT A I 2L
PERUIN G o XoF T8 M 350 S 2o A v S S I 1) 5 2R
(19 et 3 o 28 o 0T R A AL RE R I 5 T
Joxt i 2 h S5 S A TN ) B E T AT N T
B SR AT FLALSE 5 A TN J7 B9 00 46 o 5 0%
B B2 A0 0T i S5 AR AR A A3 BT Y Sl b AR s
RS AR AT 5 A TN 7 Y B AR B DA 4 34 T
G AT A B BB E 1 7E e b i S R BE

EETUE W B4 = 552 A0 TS BT SE 4 W B30 H (20A520035) T B 44 9 A5 24 A0 T 4E 1 T #8003 42 W Bh 0T H (2019GGJIS018) 5 FE /K ™ 4%

T — R LI B AR B 5 4 B B H (NGI120190707)

EF B 2 #1994 I3 T g B B A 2N B BL A Bt o0 B e B9 . B8 SR (1977-) . I3 i AL BT SO« @ B 1 1

T F A R R AL A RS N AT AT



70 E H 5

= 2021 4F

P A5 A% AN L B A M g R U
AL A BALE FaEmE S B ENES A
B AN 7 s SUAE Fs W P 8 7 8 R R RO T i e
FRER A b T AH S5 e 07 L B XoF Rz i iy A
REANE A RN 08 T A A BT BEAR, 5%
AR AR A GE Y BELJE A8 K 1 WY A A2 R A 2
ik S5 2 105 A B ) X 8 VR B A R B i
M) 7 41 Wi A7 75 — 5 52 0w o {H X R S P B B AR
R R MR AN R BOTE — E Y L B A E DO A
A — g .
1 ARG A KX 4

BEF ANSYS 2 i e APDL Xt iy Ml 5@ 7 gt
RV RN B = SRV i (1S O 5 T T N 4
Workbench H5%} 2 F KT 41 2 2 B0, FE 40 S Fon
1. & 5RILREECR T 4 DRk R 1T % 4%
555 5 A (A R T A 58 T 158, 4 M L B MR A
L T8 G e fih . X8 R AR LS TH AR
Sk 2 DY TR Ay R DR ) 43 2 B R AL TR,

P VPR SRR T RS R R TR
B ARG A B ReE R SOLIDS Joc . i oo al
[F] P 36 2 s Fi 37 A 3 2 0 BT RE T A BB T
HL B 68 0 S PR AR AR L AR U SE PR X 2 x A
P JRE S Sk 0% BB o T LA BRTY . R R CR T
SOLID185 #.J0. RHK/NHN 0.3 mm [ R 4% 217
P2 3 43, R OR R B AR AE T TH 3RS B, LA v T
SRR JE IR T b A A BT A R T A A Y R A
R 3 BETLAN &L 2 7R

I S R

%1 2T5K%
EF #1k PR R /Pa #EF/(kg s m™?) YIZRiE /(N m™) Jii A R 1 / MPa THFA L
ET QSn6. 5-0. 1 1.1x10" 8 760 4.12X10% 620 0.28

JE i, B % PZT-4 7.7X10% 7 500 9. 04 X 10" Efj i?; 0.27
f 5 ot R B
puk: 913354
B 2 2T M R o A A Bl 3 ik 38 i )
2 RFHHARTE >
{47 BT 42 7 8 F ANSYS-APDL £ Jit 5 . E”

AR S T o L T R 24 5K 3 R % 1 5

T A 5 3o B 7 160 9 1 P 3) L SUAR 4R Ea

TR LT 7 9 B B 0T (LA 1 B PO A 5o . I

OTIF 5 . 75 th 60 3 B0 B4 P ML 22 6 MR 00 10 85 5 2 B

i B U (L5 9 800 g (g=9.8 m/s™)) i £ 4 i /ms

4 AR L I LI AR Sl b 7 e LA o 0 24 P4



%13 TR I A ERAY N B R R HLE T A BROT A 71

PR B AL DA [ T il Xk A 285 4 L 7 I R T SRR
FERTHR T O $2 ot B L R 1/4 25 AT
B A il 2R RN 5 Bros . K RLI ) &5 R A0 1A 6
IR .

A: Transient Structural
Fixed Support

Time: 7.15¢-003 s

Items: 10 of 12 indicated
2020/4/9 16:221

|8 Fixed Support

@ Acceleration: 524 m/s?

[BJ Frictional - #%% To MAESOF,
[BJ Frictional - &%k To $hik

[El Bonded - ##h To B

[Bl Rough - &F To MERHIR

Bl Bonded - ®F To TS WK
[H] Bonded - BF To e \
[ Bonded - BXRSORT To AESRAAE
[Bll No Separation - SERSOHF To RIEEE GTRALE)

Bl 5 Aikfmen

A: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stre|
Unit: MPa

Time: 1.9887¢-003
2020/4/9 20:48

912.72 Max
811.32
709.92
608.52
50713
40573
304.33
20293
10153
0.12958 Min

K6 BTz A

H &l 6 AT, N g de R Ao B S B A 45 1 S
PEQNLE L 912, 72 MPa, B8 1 B % #8620 MPa
14 Jed AR A B, 5078 - AR VB R TR A L R X AT
et .
3 ETFHESSMN

ERUEZENPI RN PSS i ¥ Sl = IR S el sl i)
AR CRRIEL O FR B, BT 2R R 5 8 B K%
A EATHATE BT R EE SR, A
AT I 2 FH >fe BiF 5 R0 2 B 3 2 235 4y [ A I 3l R 2 1 —
T BRIC 5 v B ] DL AT IR 3l A A ] A 3k PR A 32
FIRTL KA . A L HLE 4540 IR 2 5 5 HU AL e
R MBS 4 45 55 18] 2, o O LSRR DL AE F 9 A AR
1 B SR AR R T 580 s A e MR L S MR AR s L TR
N AR5 H LIRS AR % MO DA 8 29 TE R
B % R 5 0 - AR (] 4 A7 ORG 3% & R A SRR S B L
Lo 4 LR S A 2 Ml s FE AR A AL TR

X HLHLE - AT e AR b i e R RS A B
B T B GRS iy A BT B A X LS AT
A FUNY T RS 43 BT o 1B 2 b b 2 A B A R e 2
EE Ty I) M ok 2 R il 2y i sl 3.4 BUR

TE AT IB% 25 b ol 20 M7 /i 3T T B0 3 280007 32 01 8
30~50 kHz BRI AT L % AT 20 B, it
SE A TE E BLJE R BN 0,009, ARG 2> Bir 46 51
PEAT R0 P B AR AT A A B L E v o A b il
JE RS B AR 3 R MBS R BN SR 2 R . )
AR AR (5] B 02 90 AR [ A A S R R B R L ) By 3R
7 E T BT A RS IR L R Ly 20 3 S [ B
TR R a.b o By (Bog S Boo BEET B9 P4 X

PRIREL
k2 HEaETFHEIEAFTEHEALPTER
B =3 A | A =3 B
Bk M /Hz 42 Wrge MR /Hz o fRA
1 32332.9 By(a) 9 40 943.0 B, (MM
2 32332.9 By(b) 10 42 173.5 By (WM
3 38245.1 B 11 42197.7 By, (HM
4 39104.1 By (4P| 12 45 697.6 Bis (HP)
5 39220.3 B, (4M|| 13 45 697.7 B (D
6 40329.4 Byg(a) 14 48 655.4 By (a)
7 40329.4 By (b 15 48 655.4 By (b)
8 40 936.3 B, (M4

18 30T BE 23 BT 4% B AR Y RT3 R AL E T
A TS E A IR T AT P A R R AR B 1% E TR
— s P P TR SR FH TP AR 9D+ T A R L R A T
To 5 [ RS IR CRP By, ) M TARRC S . Jd i
2 AN R E T RIBS IR A By Bos By s
AJPERE AR L AR S IR L RS R R [ 7 ~

ANSYS

R18.0

T T 515083 b X e aae s
8 66108 e 123039 370818 . 1m56 s 111058

(a) abie ! (b) bFA

S

&I \
TS

T
Tats s

(z;)a pitl

8 Bus B IR 1Y &



==

o6 2021 &

7
A2
N

=2

U

L
L

| SRR EEE— |
° x.:uw"uu'o.wu "mnt.vmll'““ y,wuv“'m‘u.ms * 1.3 L“nu‘ ""““"n‘ “““‘Lmu’—“’“"mm 1.
(a) a7 (b) bR

K19 By 4RI &

B 7~9 WAL 21 N TG R (2= 0) B, B
P 70 1) i 30 A0 B A Ty BB R T . JRE
30~50 kHz W} P74k 3 A s TARB S PR AL, B B, |
Bos «Boo o H1 T 5 AH 3 FB R 4 6 BR P L DL R AT g
PR E T3 T ) AR X I T L B B R 4
WA 7 OB R T3 B A AT o i — A 4R
1 Al AT T AR RE T W AE RS B N T 38 )
B 5 F 15 85 B B (64D BB v, U Bog Il I % 5%
B 0208 T3 Bos B0 28 R AR O L TAE B S IR
B, KR A BT 45 SR Bos B HR B Y BR B S Rk
40 329. 4 Hz, kb F 5 5% 30~50 kHz Py H 50{H
/NI H L R S 20 F 3 R Bos B A 4R A Oy L T
VERLS IR A ad . T 1 NG 5 T8 5 TE AR 4 i T
F14) 1 5 A 28 A R 4 7 5040 X B

D) X5 F WA BRI, 2R3 ke F IR
AT W B A M2, R, € T2 e a3
vhb 5 A BR AR N B S A R R AR O 38 B AR
500~800 Hz, X W& F 7€ & o i % vb i )5 7
A FR A N T 3G N T 1 30 RE R AR Y Bt
EA I R QTR B U= U L T SR a0 N R I
R

k3 ETFHEMRATHEHAME

PR 1Y BRI SRR/ He ToFR A N F1 9 %/ Hz
a 32 332. 9 32 879. 8
B b 32 332.9 32 879.8
a 40 329. 4 41 000. 4
Bs b 40 329. 4 41 000, 4
a 48 655.4 49 400. 5
B b 48 655. 4 49 400. 5

2) MEFESRE RN,
PLIE AR BR B B BT o 2809 AR B A MR A AR 7
SRR A — 28 5 A AL 2509 58 A0 3 1 At
AR AR 25t mT RE ) I B 9 e X R (2 51 B 2S
REIR 2T HOE A R ALYEREATRE L BORIR S

R KR R A BT 45 SR L 18 ) Bos B4R A %
A HLE TR, W46 R ook AN-
SYS i A Hral 5 $EBCE 3R AR IV F1 5 JE 5% 4 00
F11 Bos Bl — B« Bus Ji§ — ¥y Al Bos 455 25 119 [ 5 43 56
gk 4 Fon .

k4 By RHAESHEAMAF

P Al BERAN JIIE/ He TORR AT 14 %R /Hz
Bos i — B 39 220. 3 39 453. 4
a 40 329. 4 41 000. 4
Bos
b 40 329. 4 41 000. 4
Bos JG — Bt 40 936. 3 42 372.9

7 L HLTE AR B g S AT AR ok e s /) B
RS TR B DG WA 2R 3 T 08 &t R L 47 47 L )
W ATUAEE Bog 1525 HR 8 5 40 408 % T 114 [ A 4 R R ] g
M2 K. WAE Af = min{f, — f,1.n = 2.3,
b (P f S AR B BT —
B PR BT R il FL R A RN R A 1
PR HLAT U B A BE A S R Al B R AR
RS TR 5 T R T B 55 DU 7 rl AL 1) S P ik
Mt

ME4 X Af=min{f,—f,1n=2,3,} 7
P EIRAN IR Afs =1 109. 1 Hz; G5
RIS )87 FE Afx =1 546. 6 Hz, i it ] 15
Af e <<Afx R A & A ERA N T 1A B RS
B8R — B 55 b — i i 250 000 4 22 09 SR /ML A S x
Ry TCER AR L T AR SBBEAS B ECE — B 5 b — B i 2
IR ZEE 1 B /MED

25 LT B B ALE TS S R S
Pl oA 28 e ot 2 o o RS Y [ A R T R A, R
78 O R Rl UK S S (= N /@ U LI s 1N = e 1 |
BEASTR B IS RE S ol LA R BL, whib 5 & B R A 1
T 58 - A S TR S B W RE 7 A X0 s (2 A
=1 100 Hz, fif DAFE TAERE , shili J5 &% 4 5% A 1 Y
FEF e B IR S B4 AT RE Rt N .

M4 DL b 43 B Al A5, i it 2R b i IS & A 1 ik
A% I 3 R P H AL R A R R S R R ) [ A A
RAEAEF W BARANE -

1) JE [ A PR B A B ad 2R Re T 0 .

2) & il Ja L v o FEAE AR ) 7 AR RS TR
B
4T B AT

HRAE LA E A3 A7 EFR4 Bos B IRBUAE N F L



%13 TR I A ERAY N B R R HLE T A BROT A 73

VERLS R, 8 F AR y 40 329. 4 Hz, HHE
A Il Bk o R A R R RS, ORI 1/4 PG
Jr BEE . RIORG U Hs R B e R 1) 50 a0 2T 2 ik Y
TR A FEDS  TE AT ILEAR S A T B R P R
J s T AR AR DX 3 8 DO AR 2 i ] 10 B
N IFTE ALBLCLD PUAH B 43 i i A sin, cos, — sin,
Fil—cos MBI .

10 2 WA 43 X T X 2% U A e 2k [

Xt 2 - AR JES O T A [ A 5 8RS TE R R S
EF Fh o I8t DA 60 VB WA R P, XoF RS L P R R RS T
Wi LA 0 L JE. W E T4 mmEE e &5l
0. 009, AR 7 F 1 T AR ARSI 2 385 0 1y 43 BT B
AR 3 Ry 39 ~42 kHz, 43 200 5 JF 475K i
ZHLAILE T P B L AR A H LR S 0 T
PO 2y 7 2, SO VNPT RS T S R R
R A A1 B B 1) 57 B i R s R - 7 1T Ah A
Gr 2k bR (12 272) 8 i R 43 B 45 SR A0 e 11 fr
o L R AR W o)) A S 0 AR Ak il £k an B 12
JIER

12 272

L 1

11 s 12 272 %#F

03-‘:;.8 T396 404 412 420 428
Hi% /kHz

P12 g 43T 45 2R

d 12wl E 2R A i R (12 272) 7
39~42 kHz,200 ~F 4 N IEEIR IS A 3. 65 pum,
FEXF AR ARy 40 320 HzofH il T 28 K4 15 Hz. il
S o W R A5 R IV O (40 320+ 15) Haz, 558 240 #r
A A5 3 A TAE RS R (40 329. 4 Ho) AW &,
UL E 1 B SE N TAERS 2 EE AT,
TERE I3 Hr 25 8 40 320 Hz AR5 H ARSI
FEFTE 40 320 Hz B 1 1 A4 J5 308 B )&l 13
iNE

,,,,,,,,

[ 13 TARMEEMAR 40 320 Hz (19 1 A FEID0E K
Hi [ 13 AT TR A B g 4 R 10 i s O 5
HEZ it o0 DA S A5 5 1 A - 1 12 e vl DR M
FL L i+ FELPILE A7 T D) AT A TR R T I R B RS T Y
0P PR RRONE A R O A AT
o o 2 T S L E A TR AR I Y -
W AR 2 X EE L A 14 BTR



74 E B 5 F o 2021 4
3.0p e T2 4% ,2015(3) :5-8.
2.5 Foh A (2] WA RAEE R, S5, LT8R B AL B AE R
. L S gt sE )], e AL AT, 2019,6(5) ;88795.A
E 15t [3] SENJYU T,MIYAZATO H,UEZATO K. Quick and
3 ol precise position control of ultrasonic motors with two
control inputs[J]. Electric Machines & Power Sys-
03 tems,1997,25(7) . 767-781.
90 395 400 %4%0/]5(H 410 415 420 (4] TRRM B ESE TS . BT 3 A 1 oy 2 e %
I z N " g o ) e 2l
LT AL T o O 450 6 X iijf%wi’%{wmH‘{Jﬂ‘ugﬁﬂﬂﬁ’Z()l(s’sg(S)’
RIS ) s e
7Y 2. 56 pmmy IR 730 R R 5 3 12 G5 SO LT D, K 2018, 44(2) £ 4651,
B SRRy 2. 48 o, HAR Dy 40 320 Hzo 55 (69 /AQ1AD"KO K 1.LAPA V V. LEMESHCHENKO N
B B RAT A 45 R — . ARAE A 14 B9 pr 4l A, et al. Effect of long flying overloads with moderate
SRR R AEBEE S BN el o S A AR values on functional capacity of airplane crew members
AN 7 1 ML AE 7 s H B R 3 s S A T [J]. Voenno-meditsinskii Zhurnal, 2008, 329 (1) ; 52-
A g 3 7 o L R o R 7 W L % i) 7 A9 % 5 56.
TR AN T E T A EL R, BLaR 4 1 IR et [7] LI Xiang, KAN Chaohao, CHENG Yuan, et al. Per-
FETESHEEMK, XUHETES#HTZ b formance evaluation of a bimodal standing-wave ultra-
J5 NSRS A AR 4 N 3 T 1 TAE R M 7 — sonic motor considering nonlinear electroelasticity:
AR Modeling and experimental validation[ J]. Mechanical
. Systems and Signal Processing, 2020, 141. 106475-
g %Kﬁ% 106490.
L XS PARAE LT BT HDUE 5 R R BN g g ot 2 R (LT 85 B 5 5 6
J& A TN 05 AT #R N ) 40 AR e E AT WA D], A S s st ko2 . 2018.
PLE T & A BN ) B e E SR BN MBS 700 o B [o] ik, 3k /. RASHAD M M, %, 45 T 2 B 52 & 3 ol
JETERLZS I3 M (9 BE Al b+ MR 40 48 25 000 R k47 5 A T fft (1 P9 22 0 8 8 3o B R S ()0, B3 2% 42, 2013, 25
93 0 EL A A5 5 B 1 S 4B AT (3).79-82.
B, 888 A L T AE = s op i L A [10] BAmI AR, 38 O3 @A 8 75l dl e 7 i B oG o A
A A1+ S L ¥ P 0 3 T RO B T BB R A BT 530 TR 2000 1O 1
R AR AEL b AE g K e 7 S B XoF 07 ) i T A 866-868.
SR RAI I E T L TR AR . BBk 4 C11] ZR UL A, JR e, 4 RS, 4544 3l J1 & i St 4k i it
A5 TR BELIE 25 K ) T 2 MU Ab MRS R 2002
S5 AR X A R BRI LR R
ﬁ?{fﬁf?ﬁiﬁﬁrfﬂ:ﬁ?@Eﬁ‘ﬂ‘ﬂtﬁ')ﬂ%j:‘{"ﬁf‘l‘iﬁﬁﬂ@i [13] RE. HI MR 7 R % hili sh 12058 (D). Kb
Z;;m—mmﬂm,ﬁxﬂmiﬁ,ﬂ%—m R o0,
e (141 AV A=, 8 75 il i 3 ML OF 98 46 1 o 28 i R K 2%

S M
(10 o2 . sk Wed. 0 A HLAR I 46 309 2 R 25 [T . 0y

[CL// ki 5+ b I CHE B /s L AL B AR BT 3 238
SR ,2005:127-135.



CHEERTL AT
202142 A

EoB5
PIEZOELECTRICS & ACOUSTOOPTICS

i Vol. 43 No. 1

Feb. 2021

XEHRES:1004-2474(2021)01-0075-05

DOI:10. 11977/j. issn. 1004-2474. 2021. 01. 016

BT ERRANERE N NG K

HE KRR FE R
(L 2P TORE B AR BT TERT HOl 22 M 73005052, 2 M BT OR2E H M 48 U6l 72 Bl 2 1] B Bl B2 & /R i ol HEORE 22 730050)
HE T ok LIS A DN S SR T ) [ R 2 O e 0 A1 O 9 O
T A ) A 2 0 I U R P e 2 5 T 1A S0 5 o O T 5 ok ) R 2
5 LA [R5 o 0 R ST O A A 2 RO I R 155 B £ 00 (L
0 D B35 073 3B B a8 T BRI ) A5 i b o 5 L0 A (5 5 W 0/ 2 9 9 5
o 44 R B T A B R A DA B 0 R Uy v S

KGRI R P R RS A B 5
HESSHES TN38; TM22  THKARERG: A

BN ;5 5 -V (H s /N I ELRE B

Research on Corrosion Monitoring of Grouting Sleeve Based on

Piezoelectric Ceramics

DU Yongfeng"? ,ZHANG Tianyun',LI Hu'

(1. Institute of Earthquake Protection and Disaster Mitigation, Lanzhou University of Technology, Lanzhou 730050, China;2. International

Research Base on Seismic Mitigation and Isolation of Gansu Province, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract; In order to identify the different degrees of corrosion on the inner wall of the grouting sleeve due to

chloride ion erosion, firstly, the time required for the inner wall of the sleeve to reach different corrosion rates is de-

duced by the relevant theoretical methods of accelerated corrosion. Then, an electrochemical method is used to mo-

nitor 5 groups of test pieces under different corrosion conditions, and the time-domain signals of each test piece un-

der different excitation frequencies are obtained. Finally, the time-domain signals are analyzed by the signal peak-

peak value and wavelet packet energy value, and two different corrosion indicators are proposed. The results show

that the two corrosion indicators based on signal peak-to-peak value and wavelet packet energy can effectively and

reasonably evaluate the corrosion status of the inner wall of the grouting sleeves, which provides a reference for the

corrosion monitoring method of the inner wall of the sleeve.

Key words: piezoelectric ceramics; grouting sleeve; health monitoring; corrosion identification; peak-peak value of

signal; wavelet packet energy
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Design and Experimental Research of Piezoelectric Actuator for Round-Window
Stimulated Middle Ear Implant

KOU Yinxin', WANG Hehe', LIU Houguang' . LIU Yaosong', ZHOU Lei’, HUANG Xinsheng’

(1. School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, China;
2. Dept. of Otorhinolaryngology. Zhongshan Hospital Affiliated to Fudan University, Shanghai 200032, China)

Abstract; To overcome the shortcomings of insufficient low-frequency gain, mismatch with the size of the round-
window membrane, and uncontrollable preload of the round-window stimulated middle ear implant’s actuator used in
clinical practice, a new type of piezoelectric actuator with flextensional amplifier was designed based on the anatomi-
cal structure of the human ear. In order to assist the design of the actuator, a finite element model of the actuator
and a mechanical model of the actuator-human ear coupling were established. Based on this model, the key parame-
ters of the actuator’s flextensional amplifier, support spring and coupling rod end face were optimized and analyzed.
The frequency response characteristics and total harmonic distortion of the designed piezoelectric actuator were test-
ed through experiments. The results showed that the designed piezoelectric actuator had a wide working frequency
and superior low-frequency performance; the maximum harmonic distortion was only 2. 36 % , which meets the clari-
ty requirements of hearing aids.

Key words: round-window stimulation; middle ear implant; piezoelectric actuator; flextensional amplifier; hear-

ing compensation; finite element analysis
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Study on Cavity Collapse Resisting Molding Pressure in WLP of SAW Filter

TANG Daihua,JIN Zhong,SI Meiju, LUO Xuansheng.XIE Dongfeng.XIE Xiao
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract; Through discussion of the wafer level packaging structure of SAW filter, the collapse cause of the de-
vice in the module packaging is studied by the finite element simulation model, and the position of the maximum col-
lapse of the cavity in the device with different module pressure is simulated. After practical verification, a new metal
reinforced structure is proposed, which can reduce the collapse amount to almost zero at a higher mold pressure of
3 MPa, which solves the collapse problem caused by the encapsulating pressure of SAW filter wafer level packaging

chip, and reduces the failure risk of devices and modules. It is a new technique of SAW filter wafer level packaging.

Key words: SAW filter; wafer level packaging (WLP); encapsulating; RF front-end module
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A 2-Dimensional Fast Servo Tool Driven by Bidirectional Piezoelectric Actuator

LAI Wenfeng, LI Guoping, WU Zhishi, LOU Junqiang, YANG Yiling
(College of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China)

Abstract: The fast servo tool can provide precise and fast micro/nanometer motion. In order to obtain bidirec-
tional and 2-dimensional motion, a 2-dimensional fast servo tool driven by dual piezoelectric ceramic actuator is de-
veloped in this paper. The fast servo tool adopts a symmetrical structure design, combined with a compliant amplifi-
cation mechanism and a displacement decoupling mechanism, the end actuator can achieve a large output displace-
ment and reduce the coupling displacement. Based on the pseudo-rigid body model, the static and dynamic models of
the fast servo tool are established, and the output displacement, output coupling ratio, maximum stress and natural
frequency of the mechanism are obtained. The correctness of the model is verified by finite element simulation. Fi-
nally, a prototype of the fast servo tool is processed by wire EDM machining, and an experimental test system was
built. The experimental results show that the displacement magnification of the fast servo tool in the x and y direc-
tions is 3. 56 and 3. 57 respectively; the output coupling error is 1. 26 % and 1. 00% respectively. The first-order
natural frequency of the system in both the x and y directions is 270 Hz after assembling the piezoelectric ceramic
driver, and the system has good dynamic performance.

Key words: fast servo tool; compliant mechanism; 2-DOF motion; finite element analysis; piezoelectric ceramic

driver

7 F s T R B I TR B

FL I » 2 A G ) 2 8 il 3 401 Jek B 2
I 7S DR . I A T PR oA R B 52 2% I 7
oK ) 2 T PORS JEE 94 oK 9 114 2 RS HE L B H
ARV R/ BOSAAR AR AL IR 2 VA
ORI B TR B2 SR TR
A I AR B J0 1 36 2 304 1 oo F il i . 3
TR PR T A T 2 R DD TR 2 R

Y %5 B #9:2020-09-10

T [ P A 2 3 X bR A AR ) R R AT
TREMHTIE . QbR i 7T 5L i 3R 3 28 1YL Alter
D M S5 LA P LB 9K 8 2 o T R MR BB
(14 53 ) HILAG A A 1 — 33 - i g bRk ] i 7 2 %
B SR AR T U M S AR S M R T R
i 3 B0 5 fg PR A IR D 45 Lu XD AR BRI T — 3K
B A v i 6 g 3K Sl A% R A 0 DR AR I )

EEWH EXARBAESEISTH (51805276) ; #iVL4 H AR EE 4 ¥ B H (No. LQI8E050003) ;
YE B S0 (1995, 5 VL PE FEM A W00 -, 320 NSRS 4 5 (7 S AL A I 45 07 T A I 9 . AR 1B & - R E (1967, 5, 1 b it X
N s B A T A SR 2 S 8 B AL R T TR R O



%13

A58 S e A X i s e R 8l ) R ] i T e 89

0 PARK 457 3 F 1 A B 28 S0 h 28 0 T — 3
AR IS FF S T & NA E RO T8, T
HERAR Z W5 B K5 EHARY 2T in T Bt B 5
] AR AR S I T R S g SR i T TR E
JE e ] Bl T B8 L SRl ik e RS T 18 pm [iE
BATRE . PNE DR — R R R AL BT T
T 22 M B ) BT AL el IR T 2R A 41, 23 pm
M TAEFT R . S T A T R TARAT R B TR
SERI B RLAS IO O A S vk 1 T T RS
TR . H T R R Bl B AR Al T 2R R
RE A J0 BRI it 4 42 AR 5K Bl 7 L T 0 2R ) T R DU AR
Tk B ) R AR TE L AR R A AIG. Kim 280 B
il 14 B e PR 3R Bl A bR s ] iR 0 B, L TR R SR AR
20 Hz, Liu %" 3T SHLE M T — R B
P fa] i T B8, — SRR A AR AA 20 Hz, BT
TG 1R A 38 Bl AR SCBETE T HE T XA JE H 3K Bl Y
PR AR e ) 28, HLE 25 508 1z 3l 4y K 5 AH B
ST R HE B B S

SR Bl S5 M e R 2 oo 4k VB 244k 1)
R PR Rl iR ) B B AT R L s e R
M BEIE 3 . BRI A SR T RIS A o R i 1
BETF 0 il B i e s el il 0 BRCR BT LA B
%Eﬁi:

1) ¥t Scott-Russell(SR) HL# FI AL AT AL A4 & B
3832 A s TR R LA

2) HF RF-A7 WA AL, W T L R
GIRR

3) ALK I X FRIBE T o Yk B R0 SRR 4 Bl 4 50 Hh
SYARAE .y J 1) b DT SEBE T bR AR R T SR
M H L2 Bl
1 Zikit

AT BETT R PR AR AR I BN 1 s . %)
LR R FRR A, p 2 B YD O R R VR
Wi 5 BIK B 25 A St 52 U0 R AT 7 % ik A AT A
ST A P AILAL R it ST AT A A SRR A . PR
AR IR TTHAE 2y T 1) 359 %60 R B B A R 4 3
KMUAG A7 AR AL AL 1 3 P LA, DL AR UE A o
PATHIA A 2y = H B BRI ) PR s gl . 2
SR AL S AT A BCR MG AT SRk K ML AS 4 A% 1Y
TR A RS TR LAY« SR F AT R B ) 235 4 7 B L
RE ARS8 50 K e SRR ML BE 3K 15 5504 11 25
FFN T3 0 J5 Tl e e . 0 RS SRR AILAG BB/ T W oy il
) iz 2l i 1R 60 78 o B DR R i SR AT ML RE TR & 75
BRIy T is 8. 4 A R B R IR Bl 2 ik A % R 7E ]

S R RIS v, B K Sl 4 i A Sl 22 ) T v, P K
Bl g i A i B A — 2 B YT 0 2P BB L LA 1R R
AR IR TTSRTE 32 3l 3 B v 7 AR 1 BT U0 ) 4503 v B
BAR g . He P B S g 0 A% 28 0 R R
KA FEAT R S 396 2 DR f] JIR 0 2R R AT e n T %2
Ko B my omy oms 53 50 R 2% B O3 R A B B
e

R R REHLI

FREIORMREE SRBCAHE ALY
1 bR A R T AR A

21 L P R BK S 2% PZT1 Wy v %l iE J i 4/
FLATBCRAUAG AB 396155 3 s SR R AL A g 1
PEZEAT CE N EE e )y, i K PEAT BCD 33 B 41 5
2y (LA MR ILI AR v J7 10 952 3l SU & o« b
BT iz gl s A0 A MR AR ALY B9 iz 3 i gk - i 2o P AL
Fy 1% 336 20 A Mg PIAT ML o DA T 417 20 2R g AT ML A T
x JHIETT a sl . S F B YR B s PZT3 i
b 9775 160 A R 5 4 Sl AR S AT HLA I o il 62 7
I 32 2l 5 4 XF [ L By AR Bl e PZT2 ¥ o 3l 60 05 1#)
VRTS8 3 R S SR AT HLA ¥ v il 1 7 1) 3 3 5
W%} He L P R B2 PZTA Wy« b ik Jy ) 8 FA
Bty s v RAT HLA U Bl s g kTR
Ji L3R By o BT B2 9 DR £ il 70 S AT LA SE B o Al
1B y B 55 6 AN g

0 o X Rk ] Al ) 2 W S AT A AR A
JEE S B ) 1 S A Y o A R B A R S R
1A BROCAS B o 8 bR ) iz 70 22 19 S B 25 4 R
WP, R Lo~ 930 0 2 b 45 W
ﬁﬂm&gﬂ}ﬂ1ﬁ§+ﬁ§9Rq “Ro, \Ra ~Rp Y5 Lo, ~
to, vta~tp 3 A R B ) SV R AR AR
b Y] R BCHE B9 S LW 5] Dy R A
R 73 2R B4 A B2 A BB



90 B B 5

= 2021 4F

1 BREARITREMEERT

/; /mm l, /mm /3 /mm /, /mm /s /mm
12 48 26.8 28 18
a/ () 7/ () <R“1 NR(;Z )/mm (R,~Rp)/mm
63. 4 26.4 2 2
to, /mm to, /mm (ta~tp)/mm  bXLXW/mm
1 0.5 0.5 25X210X210

A

b

B” I 2
X(F)

Bl 2 o Jr 1z s L i 1&

2 HEHHEA
2.1 BAZELSH

Fh T bR ] A ) BRAE B4~z 3 7 1) _E 20k X AR
L5 DA g 1/4 BEAT 20 B o AR 4 PR A
A T2 B AR - BR 1 22 P B Hh At 3 0 2 41
WIS R E e R = AR I B AL T 2
A AT R A o AR O WA 3 | A B R f] AR )
2T 2 J7 )iz B R LAY T 1A AN AT 2 B .

MR e A~ D G 1 I B 58 52 5 h

VA — CU()lll = Ui @)
v = Zw()lll 2)
Ve = wo,ls (3
vycos(n/2 —a) = vpcos a 4)

K 1 WO, »WO, IR RIPEFE OB F1 O, C 1 # # JE
v WAL

Az 30 (1) ~ (4, PRk Ar] iR 7T 28 19 7 72 78K
%

1= XX ~ vy/v — 2cos(n/2 —a)

COS «a

H1 3 C5) AT R PR s A Al T 2R B 2 B TR A

5

a F K. WRIGE 2 Fras X TaERmANME X,
850 11 Bt OO, A~ D RS F o, o, «
g/JAN(/JDﬂ%%i_\‘j"j

1 = Jo, = );T (6)
o = |:1+13COS(7T/211_ 2y)sin a]"b(’l D

chos(n/zll— 27) sin J%. €))
oo = [ACOS(K/ZQ—Zy)Snla}¢”x 9
i = [tz = o (10)

2.2 HAREGH
PR AR IR T B AT — AT )38 Bl i ) S RE
E, = %[](}13 +]()2(‘+JBD+

Gy —+ A, + X B g, (1)

A ]OlB a](}z(‘ejspﬁjgljﬂ‘]ﬂu‘@ﬁ 0,B.0,C.BD 1y
e,

20 7 Y 5 e PR ] ik T B8 5B Bl i
AEH

Ep = %<Ko1 Q[J?)l +K()2 ¢(2)2 +Klﬂ¢%$ +

Kegt + Kpgh) (12)

A K“1 \Koz K Ko VK 43 R 2 [ ) 01 28 s
% 0,.0..B.C.D W R, K S8 K, Rk
ﬁj\j[w]
2Ebt3*
K; = 97(7‘11-1'3
K E A & sz 200 O 2 TR ) 11 22 1
R BRI AR

¥R G sh e MARBICA TS I H 772

IE d Iy (o o
o ) G (5
AP s T R T S AR R SR AT

BearaX D)~ g,

;7 =0,,0,,8B,C,D (13)

)= T, (14)

dx; dx;

Mz, +Ke, =T (15)
Ho,
m=2F 1 (16)
3(/1()1 g[J()l
_JE, 1

= — (17
ddor Por



%13

AR SC e A XL i s e R 8l ) R ] i T 48 91

e o PR AR iR 0 S0 [ A A R n] S A SR A
FIK—o'M| =0 315,

3 AR

Sk T 58 E PR A IR T SR B B R A R AR
SCFIH ANSYS Workbench #1745 BT 40 #r . 3%
PR AR R TT B0 BORE R 8R4 4 7075, Ha kA el
0. 33, MLy 71. 7 GPa, J& IR BR > 503 MPa,
W 2 810 kg/m’,

TG 6 UE PR ] Al 0 ZR R B . X PR ]
HR 73 B2 1 s v B s BIK B g A 1 AN 15 pm 1Y
8% R AT TE v J7 8] 1Y B K- 3l i s 62 7%
56,1 e, BRLHG L AT A5 R DR ] R 0 B2 04 60 A% iR
BNy 3. T4, R A P Ae] R 7D BRI g R S 80m
25 TN P ] iR ) 2R M S UK RN 4, KRR
] i ) 2R A B OT 5 35 B TR B R 2R i
FFRTEE A X IR 25K 3. 9% ., ZiRk B A F 5
& KR LA S R AL G AN AL BE TH R RS S A2 F% L [ I 25
Xof WA SR 7 ] i 8% 7 AR BT VE F

T L 08 7 78 23 R AR R £v] IR 70 42 %) o kG
B R B R A AL R AT 20 B . % bR 3 4] iR )
B 11 e R B e UK Bl d i A S 1 BN 15 pem 107 S
K AT AU E v J7 1) 1) fe KOF 2 i th #R G L FS
0. 38 pm B LS LG 0. 6824,

R T AR AR IR TR AE 2 Bl ad A L 2 18 )
F e PR AN 23 & A BB R AR T U5 82 ) PR ek £v] IR
TV B S5 KN F AT A3 BT o AR SCB T 1) PR il ik )
SR SR AT Y B R AL FS O 120 gy PRI S XoF R i A
VLR 2oy J7 181 43 BN 120 pm (4 467 #% , PRk
] i 73 B AE Z 1 B Ak 1 B K ) k104, 39 MPa,
T8 /N F AR JE IR B 503 MPa,

P Al JTBRAE .y J7 )iz Bl i) () — B B 2
B £OR 4Bk 291, 26 Hz #1288, 93 Hz, A [i
TCA3 AT 55 B TE B I — AR 2 2R 114 R X 1R 22 433l
K 22. 2% 21, 6% PR A iR T BEAE A Iy 1) b
1) HEHR A TU - AH [ o B HIE T JF & 11 PR s el ik T 28
FEWAT7 0] B A A A 1 3 A P fE .

PR 7] R T B 8 5 % TR 238 R0 — By [ A 40 3 1Y
FSEMA BRI BE WK 2 fra. WRIEE 2 0T
15 BT S5 A RITi AR & AR — R
2. RZETE A DR R R AE S 1A B WP A S
SRAEFTEATE MR sE R RS . i fE

A FRITs B IR AT 2 R LR R A TE L e Sk i
FAAE-BOLAS s (0 A% R R BILAG AN I RE T PR AR & 1052
(e Hsf 2 6f 93 82 77 1) (57 4% 7 AR BT AR T

&2 BeaR AR TR AL ROK H A BRI R

S8 BLISAN(E 1 B w2/ %
A 4.0 3. 74 3.9
f./Hz 226.5 291. 26 22.2
f,/Hz 226.5 288.93 21.6
4 LI IS

4.1 ZTHRNRXREER

T Bk R A IR T AR M R L B A S 56 I i
RGE, P I T 28 R AT R AR £ U0 N T T AR
OB RE 7075 G4
4.2 BEHFERNR

e e SU R AR S bR A
Mo R OG0 75 12 8% i S5 e i s oo 0 K ]
JIR T3 B T ety 7 A AL RS AR IR AR Ay i A
Fo JE X R NLAF T AT R AR 4 (FET) 23 47
DL Y R NS IS N ¢ o N1 = 3 1 1 = A
P e 0K Sl s B B0 T 5 sy O 1] B [ A5 03 i) Sy
261 Hz/270 Hz Fi1 260 Hz/270 Hz, 54 R JC /M
AT B[ A RIS A 22 5. R R IR R
3 H P R K Bl A TR T I 2

0 100 200 300 400 500
PF/Hz
() x77 17 F- B i

0 100 200 300 400 500
PiF/Hz
(ORZAIREEES

&3 PR ] MR 70 2 ) 45 248 0 i
4.3 EFHABMR
PSR AT S i AR ¢ S ANy 1 5 B =
PERE . 73 A6 W B & SR 2l e 1.2 i 0~75 VY



92 E o 5 # 2021 4
A TR £ DA T D A Ly 1 O . g%
0 11 22 41 4 TR S g2
50 & 2l
40 0 10 20 30 O 1.0 20 3.0
5 30 @Wﬁﬁgﬁu@ @Mﬁﬁ%gﬁ@
gfg 5 e i FR 70 S AR b R
0 S AT s fe] iR T BRAE 2 () T Il b R
% N 4 V2 R 0 5 A A 0 AT LG 19 B A o1 1
g 07 A& 9.6 pm(9. 5 pm) I 34. 2 pm(33.9 pm), F
ﬁ%/mﬁwmmvﬁmwﬂw\ A ey 7 IHA i H RS L o T A £
. WAE oy 7 T 09 608 K 4 5 3. 56
50 (@) xJ7 i F SR 3.57 . A PR TG0 b R0 S 56 0 A5 ) 467 8% R R 2/ F
ax IS THAAE X 2 e TR A% FE LAY B A T 1
§m B KiEd).
5 13 k4 Ty THBENMEELH
% i 5 4 z K « J7 ] v Jr1h]
8 04 I [R)/s iy AL/ ppm 9.6 9.5
ﬁ_&i i ."I?{\/ﬁ%"rfum 34;2 33;9
0 1 2 3 4 )N 3.56 3.57
@ﬁ%@%@@ 4.5 ZHEFHAK
B4 RS AR W e Am] i ) B3R ) 4k 38 S PERE AT . 45 .y

Hi P4 R PROH AR R TSR AE Ly O T ) B R
WAL RE Yy 47,8 pm, HEAR AR YR B 4 BTOR B RR
B Y PR IR TR0 28 «(y) J5 W is gl
B A A T 1) y(ﬂﬁ’)mﬁ:%ﬁ%AQ@ﬁ 0.6 pm
(0.48 pm) W3 3 frx, LHMAA MG IREKR
TAHBRIC IR AR 2 X Rl TAELR P LR
ey 5 3K 2l s 19 AN ] 33055 ) 3 1 s DA R PR s A R T
ZR ) 1R 22 VAR IR S TN IR T TR S R Y .

k3 HAWMEAEHMEELY

e x J5In] v JiTA)
K5 AR/ pm 47. 80 47. 80
WA/ pm 0. 60 0.48
w®%/% 1.26 1.00
4.4 WUBHARENK
R T G B AR IR TTARAE 2.y T 1) AL RS

KRN L P B ak sh 4 1.2 jifiin 0~60 V iy =
W AR 5 AT AR B A T ) b R R B K Bl
i A it 0 A S $RA T AL 1 o O RS A S TR .

8 30
5'20

4 R
& 10

0 1.0 2.0 3.0 0 1.0 20 3.0

1) /s I [A)/s
(a) xJ7 AL (b) xJ7 ) i A AL B

B /um

7 1] FE B AT RS HE i 0~ 60 V~0 [ = f % H B (=
o AN A R IO6 A A AL RS R B Ly

J7 8] 5 A0 A%, IR K S B B 5 2 2 i 4 R 2
HanE 6 Fros.

35
30

50 [\ R\ g
520
gls
10
5

0 1 2 3 4
i [ /s
(a) xJ5 ML

35
30

c P mie] \oem
el 20
E 15
10
5

0 1 5 3 4
I [7]/s
(b) y75 AL

Bl6 .y Ji R 5%
B oy J7 ) AR A 00 i AL AR BE AT AU AR



%13

AR SC e A XL i s e R 8l ) R ] i T 48 93

P U L I 15 3 T B AR AT AY [ B AT X L
WE 7 s, RGEE 7 o HEL B AE « oy T5
I 4 i KA 22 0 i 3. 6 %0 3. 4%, XS TR
AR IR T A 12 Bl B AT B 4 38 RO .

35

— K
— B

0 5 10 15 20 25 30 35
XJ7 AL /um

Bl 7 H&HS
5 4k

BT RIS RHUAY T i MEALAG B3t 1 PR
A iR 738, I 38 3k %o R T Y BT R S T PR
fa] Wi 73 B2 00 XL ) F1 4k is Bl . B SR T O WA L
ST PR AR R TS B g 2R R Bl ) AR AR ) i
b A BR 50 43 A B4 xR S AT Al 0 40 i L 6 7
ARG R IAT TR REHET
S I ZR S8 %o PR A Al 0 4 A A I BE AT 40
Bros ik . o 52 56 50 Uk 7 AT i A R 4] iR 7T 42
PERE -

D PRl iRk JT B AE o\ y T7 1) B — B [ A 4
AlIRF] 270 Hz, 3 2 m T8 pg 225K, A R I
AR

2) Pl il TIBAE .y J5 In] 67 #% 5K % 4
By 3,56 Fl 3. 57, i Ho ki th A R AUA 1. 26 20
1.00%% . R fal i 7T S R il e R AT AR i i 25K
HEA R ff iR vk

3) x.y J7 M LA I8 B 77 AR H 2R I 1Y B KR
22 3. 6%, P MR TSR B A R 4 i g
T
S 30k
[1] FANG F, ZHANG X, WECKENMANN A, et al.

Manufacturing and measurement of freeform optics

[J]. CIRP Annals.2013,62(2):823-846.

[2] FORBES G. Characterizing the shape of freeform op-

tics[J]. Optics Express,2012,20(3) :2483-2499.

[3] ZHU L.LI Z,FANG F, et al. Review on fast tool ser-
vo machining of optical freeform surfaces[J]. The In-

ternational Journal of Advanced Manufacturing Tech-

[4]

(5]

[6]

7]

[8]

[9]

[10]

[11]

[12]

(13]

[14]

nology»2018,95(5/8) ; 2071-2092.

ALTER D M,TSAO T C. Control of linear motors for
machine tool feed drives: Experimental investigation of
optimal feedforward tracking control [ J]. Journal of
Dynamic Systems Measurement and Control-Transac-
tions of the Asme,1998,120(1):137-142.

JEL BT N L % [ £ RS e S A R s ) IR 7T R AR
it B [T ] D624 8 % 182, 2013, 21 (2) : 349-
359.

LU X D, TRUMPER D L. Spindle rotary position esti-
mation for fast tool servo trajectory generation[]].
2007,47(9):1362-1367.

PARK G,BEMENT M T,HARTMAN D A,et al. The
use of active materials for machining processes: A re-
view[ J ]. International Journal of Machine Tools and
Manufacture,2007,47(15) :2189-2206.

ZHU Zhiwei, CHEN Li, HUANG Peng, et al. Design
and control of a piezoelectrically actuated fast tool ser-
vo for diamond turning of microstructured surfaces[ ] ].
IEEE Transactions on Industrial Electronics, 2020, 67
(8): 6688-6697.

IV 2R [ 2 A0, B T SR M BB A R Pk ]
M I BB ], 4R 3h 5 i . 2016,35(13) : 160-166.
BIRH, E . 0 25 7158 T LA TR R B B9 ARG AL e
(1. FEHL 5 756,2016,38(5) : 717-720.

LI Dongming, WANG Shun. Optimized design of the
displacement amplification mechanism of the micro
feeding tool holder[J]. Piezoelectrics & Acoustoop-
tics,2016,38(5) . 717-720.

KIM H S, LEE K I, LEE K M, et al. Fabrication of
free-form surfaces using a long-stroke fast tool servo
and corrective figuring with on-machine measurement
[J]. International Journal of Machine Tools and Manu-
facture,2009,49(12/13): 991-997.

LIU H, SUN Y, ZHU B, et al. Inertial force control
and balance error analysis of fast tool servo based on
the voice coil motor[ C]//Cranfield, England: Interna-
tional Conference on Automation & Computing, 2014,
B R UL N e, S5 TR M B A0 AL R
[JJ. Sb¥ks s 1T#%.2018,26(6) :1370-1379.

ERRSE B, LD & R SR MR RS K
LT b Tl R 272741 2018 ,44(6) - 831-836.
WANG D H, YANG Q, DONG H M. A monolithic
compliant piezoelectric-driven microgripper: Design.
modeling, and testing[J]. IEEE/ASME Transactions
on Mechatronics,2013,18(1) :138-147.



CHEERTL AT
202142 A

EoB5
PIEZOELECTRICS & ACOUSTOOPTICS

Vol. 43 No. 1
Feb. 2021

Moot

XEHRHES:1004-2474(2021)01-0094-05

DOI:10. 11977/j. issn. 1004-2474. 2021. 01. 020

P T He IR 3 B TR E B AR B S A R

FrRET B.H
G 7Tl K22 P TR S A s e Be . 127 #iH 121001

W OE T A0 R Rk IR B 0 B R A A B 3R Bl LB i SCHR T — T e 1 B Bl A L
FREHAEZ AT . R EAE S AR A5 A T B A R Bl 2 Y O T AT E 3K gl JE A IR AT TR0 MR E A L B AR T e
P 22 59Ky JE 1 78 5 4 i, UM pe itk 22 98 2% 2 Bl B R S AR S R . AR BT RS LA ANSYS A5 BR OT 4 B R 1
SR HLVE B A8 B A BROUBE Y, R e LA R TAEREES . 45 3B, R A B e 4 B vl 45 3 e H A 2 #4819 6 [R) 50
TEAS B il RS Y [ A AR 27. 8 kHz, Sl S /3 A S EUEBTIUIR R 1 IE I J) KA Ay /N R B S S8R 1 B
W) I AE — i e % Bk M S A ALAR 7 IR TR AT

KW AR A PRV B & S BE R K B

i E 4 %S TN384; TM22; TB535 AR E RS A

Research on Double-feet Piezoelectric Actuator for Flexible Driving
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(College of Mechanical Engineering and Automation, Liaoning University of Technology, Jinzhou 121001, China)

Abstract: A double-feet piezoelectric actuator for flexible driving is proposed to expand the research of piezoelec-
tric flexible driving and the mechanism of large wrap angle flexible driving. The piezoelectric actuator is a square
cross-section beam with two cylindrical driving feet. The outer cylindrical surface of the driving feet is processed
with spiral grooves., which not only ensures the full contact between the flexible wire and the driving feet, but also
prevents the flexible wire from interfering each other when winding multiple turns. According to the design idea,
ANSYS finite element analysis software is used to establish the finite element model of piezoelectric actuators and
the appropriate working mode is determined. The finite element analysis shows that the natural frequency of the two
co-frequency orthogonal second-order bending modes of the piezoelectric actuator is 27. 8 kHz. The influence of posi-

tive pressure and wrap angle on the driving effect is explored through theoretical analysis and dynamic simulation,

and the feasibility is verified on a rotating linear ultrasonic motor vibrator.

Key words: piezoelectric actuator;flexible driving; bending mode; friction driving
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Strainlnsensitive Temperature Sensor Based on Optical Fiber Splicing Structure
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(Shaanxi Engineering Research Center of Oil and Gas Resource Optical Fiber Detection &. Shaanxi Key Laboratory of Measurement and

Control Technology for Oil and GasWells, Xi’an Shiyou University, Xi’an 710065, China)

Abstract: A strain insensitive temperature sensor based on seven-core fiber (SCF) was designed and manufac-

tured. A short section of SCF was fused between two segments of single-mode fiber(SMF), and two tapers acted as

optical splitter and coupler at the splicing point were formed by optimizing splicing parameters, forming a fiber
P p P p g p y op g sp g p g

Mach-Zehnder interferometer(MZID). The response characteristics of the sensor to temperature and strain were ex-

perimentally investigated. The results show that the spectrum of the sensor is insensitive to strain, but has a good

linear response to temperature. In the range of 40~200 C, the wavelength of the resonant spectrum has a linear red

shifts with the increase of temperature, the corresponding temperature sensitivity is 93. 11 pm/C, and the wave-

length drift linearity is 99.4%.

Key words: {iber optic sensor; seven-core {iber; temperature; strain insensitivity; Mach-Zehnder sensor
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Monitoring of Connection State of Bolt Spherical Joints Based on
Piezoelectric Sensor

LIU Ke, YANG Songsen, ZHANG Duan, JIANG Shiyu
(School of Civil Engineering, Qingdao University of Technology, Qingdao 266033, China)

Abstract: The bolt spherical joints have the advantages of convenient installation and reasonable mechanical per-
formance, and are widely used in various large-span spatial structures. However, the problems such as dislocation
of rods, false tightening of bolts and material aging during use will make the joint connection loose, leading to the
decline of structural bearing capacity and even collapse; on the other hand, the connection bolt is located inside the
node, so it is difficult to detect the looseness of internal bolt connection from the outside, which makes it difficult to
monitor the joint connection state. In this paper, a method for monitoring the looseness state of bolt spherical joints
based on piezoelectric sensor is proposed. By pasting the piezoelectric ceramic plates on the bolt spherical and the rod
as the actuator and sensor respectively, and the positive and negative piezoelectric effect of piezoelectric ceramic ma-
terial is used to monitor the looseness state of bolt spherical joints based on the time inversion technology. A bolt
ball grid model is designed and manufactured. The different torques is applied to the sleeve to simulate the different
tightness states of the bolt spherical joints. Through the model test, based on the change of the peak value of the fo-
cusing signal received by the piezoelectric ceramic chip before and after the node loosening, the monitoring of the
looseness state of the bolt spherical joints can be realized. The experimental results show that the proposed method
has certain effectiveness, repeatability and good noise resistance.

Key words: spatial structure;bolt spherical joints; PZT ; time reversal;connection status;damage monitoring
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Optimal Design of Ultrasonic Motor Vibrator with Bending-Torsion
Compound Mode

FU Baoding' , LI Zhichen’, WANG Hongxiang'
(1. College of Mechanical Engineering and Automation, Liaoning University of Technology, Jinzhou 121001, Chinaj;
2. Dept. of Mechanical Engineering, Liaoning Mechatronic College, Dandong 118009, China)

Abstract; At present, the ultrasonic motor vibrator mainly adopts the longitudinal vibration or bending vibration
compound and less torsional vibration mode is used. In this paper, an ultrasonic motor vibration with bending-tor-
sion compound mode is designed. The vibration mode of the vibrator is composed by the first-order torsional vibra-
tion mode and the second-order bending vibration mode. The finite element method is used to analyze the laws of the
natural frequencies of the second-order bending vibration mode and the first-order torsional vibration mode at the dif-
ferent parameters of the vibrator sizes, and these laws are fitted into two multidimensional functions. Based on this,
the fastest descent method is used to optimize the design of the vibrator structure to improve the consistency of the
natural frequencies of the second-order bending vibration mode and the first-order torsional vibration mode. The ex-

perimental results show that the consistency of the natural frequencies of the second-order bending mode and the

first-order torsional vibrational vibration mode is significantly improved after the design is optimized.

Key words: compound mode; ultrasonic motor; vibrator; bending vibration; torsion vibration
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Spherical Ultrasonic Motor Based on Multi-mode Composite
Piezoelectric Vibrator

GUO Yu',LIU Haotong” , YANG Jianlin®, LIU Xiangjian'
(1. School of Mechatronic Engineering, Jinling Institute of Technology,Nanjing 211169, China;
2. College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, Chinaj; 3. State Key
Laboratory of Mechanics and Control of Mechanical Structures,Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)
Abstract: A spherical ultrasonic motor driven by multi-mode composite piezoelectric vibrators is presented. The
two degree of freedom motion of the driving foot is realized by using the first-order bending vibration mode, the
first-order longitudinal vibration mode and the combined bending-bending vibrations mode of a single vibrator, and
the three degree of freedom rotation of the spherical rotor is realized by the synthesis driving of two piezoelectric vi-
brators arranged vertically in space. The Ansys Workbench finite element software is used to conduct the modal
analysis and harmonious response analysis of the vibrator, and its structure parameters are optimized. A prototype
of the spherical ultrasonic motor is fabricated and the characteristics of frequency vs rotation speed under different
preload are tested. The results show that when the pre-pressure is 10 N, the maximum no-load rotation speed
around x and y axis can reach 130 r/min, and the maximum no-load rotation speed around = axis with asynchronous
parallel driving mode can reach 155 r/min.

Key words: spherical ultrasonic motor;three degree of freedom; piezoelectric vibrator; multi-mode
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Study on Band Gap Characteristics of Periodic Piezoelectric Array with
Shunting Circuits

ZHANG Yaru', GUO Hui', YUAN Tao', SUN Pei', GU Rubin®
(1. School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science,Shanghai 201620, China;
2.32128 Troops of PLA, Jinan 250000, China)

Abstract; A two-dimensional piezoelectric shunting array structure can be formed by periodically attached the pi-
ezoelectric patches with shunting circuits on the surface of the thin plate. The structure not only possesses phononic
band gaps characteristics, but also can realize band gap manipulation through the shunting circuit. In this paper, the
finite element method is used to calculate the band gap characteristics of a two-dimensional piezoelectric shunting ar-
ray structure, and the influence of different circuit parameters on the band gap in a hybrid circuit with resonant ele-
ments and negative capacitors is studied. Furthermore, the local resonance band gap and Bragg band gap can be cou-
pled to expand the band gap and achieve broadband vibration control by simply adjusting the inductance and negative
capacitance.

Key words: periodic structures; piezoelectric shunting arrays; phononic crystals; negative capacitance; band gap
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Study on Interface Pressure Measurement of Cable Connector Based on
Piezoelectric Sensor

CHEN Jie', HU Libin', LIU Yang', LI Chenying', CAI Junyi’, HE Jiahong
(1. Jiangsu Electric Power Research Institute of State Grid, Nanjing 211103, China;
2. School of Electrical Engineering, Southeast University, Nanjing 210018, China)

Abstract; The interface pressure of the cold shrink tube of the distribution network cable joint is an important
guarantee for the insulation strength and airtight performance of the cable joint. At present, there are few studies on
the error caused by the deformation of thin film sensor itself in the measurement of interface pressure. First, the
structure of the piezoelectric thin film sensor is optimized to reduce the influence of the deformation, and then the
bending force is compensated according to the actual deformation. The quantitative formulas for structure optimiza-
tion and force compensation are given respectively, and the experimental setup for measuring the interface pressure
of the cable joint is fabricated. The experimental results show that the difference between the measured interface
pressure value with compensation and that without compensation is 11. 5%, and the error increases with the de-
crease of the radius of curvature, which verifies the necessity of compensation of the deformation and bending force
of piezoelectric thin film sensor.

Key words: cable connector;piezoelectric thin film sensor;interface pressure;bending force compensation
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A Fiber-optic Sensor for Non-contact Measurement of Operating
Temperature of Brake

WU Taojiang''? ,ZHONG Yong’ ,ZHAO Ya'’ , WU Dechao’ , LIN Wenmao' ,SI Yunyun'

(1. Tielian Operation and Maintenance of Chongqing Municipal Engineering Research Center of Institution of Higher Education,
Chongqing 402260, China;2. Intelligent Fiber Sensing Technology of Chongqing Municipal Engineering Research Center of Institution
of Higher Education, Chongqing Key Laboratory of Fiber Optic Sensor and Photodetector, Chongqing 400054 ,China;

3. School of Tourism and Service Management, Chongging University of Education, Chongging 400065, China)

Abstract; In order to carry out the non-measurement of the working temperature of the brake of the lifting sys-
tem without, a reflective fiber-optic temperature sensor with simple structure was developed. The sensor consists of
graphene oxide (GO) and quartz fiber. The GO is coated on the surface of the device under test as the temperature
sensitive material. The fiber adopts a 6-core structure, and the centrally located fiber with 400 pm core diameter
is employed as the light output fiber for irradiating the beam onto the surface of the GO temperature sensitive film.
Other five fibers with @192 pm core diameter are located at the periphery of the center fiber and are used as the
light receiving fiber for receiving the reflected light beam from the surface of the GO film. The effects of the concen-
tration of GO temperature sensitive coating solution, the distance between the GO film and fiber-optic probe and the
initial roughness of the device surface on the sensitivity of the sensor are investigated experimentally. The results
show that when the GO coating solution concentration, distance between the GO film and the end face of the fiber
probe, and initial roughness of the device surface were 0. 15 g/mL. 4 mm and 3. 4 pm respectively, the sensitivity of
the sensor reaches 0. 000 5/°C.

Key words: non-contact measurement;graphene oxide;fiber optics;temperature sensor;sensitivity
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Micro-displacement Amplification Mechanism in Piezoelectric Valve

HUA Shunming' ,ZHANG Yu’ ,PENG Yu’, WANG Yiqgiang'
(1. College of Mechanical and Energy Engineering, Ningbo-Tech University, Ningbo 315100, China;
2. School of Mechanical Engineering,Zhejiang University, Hangzhou 310027, China;
3. Ningbo Bolev Hydraulics Co. . Ltd, Ningbo 315502, China)

Abstract: The piezoelectric ceramic materials have excellent mechanical properties and response characteristics.
It has been a research hotspot for many years to use them as intelligent actuators in hydraulic valves. However, the
output displacement of piezoelectric actuator is only micrometer, which is difficult to meet the use requirements of
hydraulic valve, so it is necessary to design the corresponding micro displacement amplification mechanism. Firstly,
the flexure hinge amplification mechanism and its typical applications in piezoelectric valve are introduced. According
to the principle, the flexure hinge amplification mechanism can be divided into lever, triangle and bridge types. Sec-
ondly, the representative structure and performance characteristics of two kinds of piezoelectric valve based on hy-
draulic amplifier and bimorph amplifier are summarized. Finally, the advantages and disadvantages of the applica-
tions of the three types of amplification mechanism to the piezoelectric valve are analyzed and compared. The results
show that the hinge amplification mechanism has a simple structure and good reproducibility; the hydraulic amplifier
occupies a small space, has a wide frequency bandwidth and a high multiple; the bimorph amplifier has a high fre-
quency response and is only suitable for servo and pilot control.

Key words: piezoelectric valve; amplification mechanism; flexure hinge; hydraulic amplification; piezoelectric bi-
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Abstract; The micro shell resonator gyroscope uses the electrostatic excitation and capacitance detection technol-
ogy to realize the vibration control and signal pick-up of the gyroscope, thus the assembly technology of control ca-
pacitance gap is one of the key technologies of gyroscope. In this paper,the assembly process of micro shell resona-
tor gyroscope with out-of-plane electrodes is explored, and the range of capacitance gap error is calculated according
to the structure parameters of resonator, and an assembly method of micro gap is designed by using precision shims,
which control gap through the thickness of shim. The capacitance gap by this method is measured, and performance
of the micro shell resonator gyroscope is tested. The results show the range of capacitance gap can be controlled at
(1243) pm. In the force-rebalance mode, the bias stability of the gyroscope is 7. 3 (°) /h,and the measuring range is
+300 (°)/s. The feasibility of this assembly method is verified.
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Fabrication of Micro-Hemispherical Gyroscope Based on Fractional
Blowing Technology

ZHANG Tong' ,DENG Jiangtao’ ,YANG Feng' ,MEI Song' ,XIAO Kai' ,LIN Bingtao',
HAN Shichuan' , LIN Cuiping'
(1. The 26th Institute of China Electronics Technology Group Corporation. Chongqing 400060, China;
2. Emicore Co. Ltd, Zhuhai 519040, China)

Abstract: A new method for fractional blowing of micro-hemispherical resonator is proposed. By adding a second
rotary blowing method, the symmetry error of the resonator caused by the non-uniformity of the temperature field
inhomogeneity during the first blowing can be compensated. The whole process scheme of the micro hemispherical
gyroscope is designed, and the resonator made of borosilicate glass and the gyroscope prototype is manufactured.
The test results show that the frequency difference of resonators after the fractional blowing were reduced from 30~

60 Hz to less than 10 Hz. The bias instability of gyro reaches 8.2 (°)/h through the joint adjustment with the force-

rebalance mode control.

Key words: fractional blowing; micro-hemispherical gyroscope;borosilicate glass
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Advances in the Study of Phase-controlled Focused Ultrasonic Transducers with

Spiral Structure

ZENG Wei' ,YANG Shaohui' , XU Haosheng' , LI Weidong® ,ZENG Deping'*’

(1. State Key Laboratory of Ultrasound in Medicine and Engineering, College of Biomedical Engineering, Chongqing Medical University,

Key Laboratory of Biomedical Engineering, Chongqing Medical University, Chongqing 400016, China;
2. National Engineering Research Center of Ultrasonic Medicine, Chongqing 401121, China)

Abstract; There are many factors that affect the acoustic field characteristics of phased focused ultrasound trans-
ducers, among which the array arrangement is an important one. At present, the array arrangement of phased fo-
cused ultrasound transducers for clinical treatment mainly uses non-spiral mode, which is difficult to achieve both
control of the gate lobe level and improvement of the focus energy. The spiral phased array is a new arrangement of
phased array configuration developed in recent years, which has more advantages over the conventional phased array
in controlling the sidelobe level at the same time improving the focus energy. In this paper, several kinds of spiral ar-

rays are studied, and their focal region characteristics are analyzed, and the research situation, application fields and

development trend are summarized.

Key words: phased array;ultrasonic transducer;fermat spiral; 16-arm spiral;archimedes spiral
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