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Study on the Design of Miniaturized Dual Band SAW Filter

PENG Xiong.PENG Xiao.DU Xuesong, TANG Xiaolong.CHEN Tingting,

JIANG Pingying,MA Jinyi, TANG Mi
(The 26th Institute of China Electronics Technology Group Corporation Chongging 400060, China)

Abstract: In view of the demand of the miniaturized dual band SAW filter, the design technology of SAW filter
with two ports and two passbands is studied. By building a dual band SAW filter acoustic-electric co-simulation plat-
form including two groups of coupled mode (COM) parameters, the performance of the filter is analyzed and opti-
mized. A dual-passband SAW filter packaged in CSP2520 has been successfully developed. The center frequency of
the filter is 1 995 MHz and 2 185 MHz respectively, the passband bandwidths are both 40 MHz, the insertion loss

is less than 3 dB, and the isolation between passbands is greater than 30 dB. The test results are consistent with

that of the simulation.

Key words: dualband filter; SAW filter; CSP package;the coupled mode
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Design of High-frequency Detection System for SAW Immunosensor

LI Xiaoyu',YIN Jiawei' ,SHI Xingyuan',LIU Yuqi' ,SUN Kexue'"*

(1. College of Electronic and Optical Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210023, China;

2. Nation-Local Joint Project Engineering Lab. of RF Integration & Micropackage, Nanjing 210023, China)

Abstract: The surface acoustic wave(SAW) immunosensor is a new kind of biosensor. A high-frequency detec-

tion system for SAW immune sensor is designed in this work. The system uses the phase-locked loop(PLL) to con-

trol the output signal frequency and the input signal frequency tracking lock. By measuring the frequency change,

the system can complete the detection of the acoustic surface wave immunosensor, and the results are displayed on

the LCD screen. The test results show that the detection system can accurately measure the sensing signal within the

frequency range of 156~162 MHz, and the maximum measurement error of the system is only 0. 85% , which meets

the actual engineering needs and can be widely used in the high-frequency detection field of surface acoustic wave im-

munosensor.

Key words: phase locked loop (PLL) ; surface acoustic wave immunosensor; direct digital synthesizer (DDS) ;
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Design and Simulation of Digital-control Selectable Microstrip Filter Bank

CAO Liangzu,FU Xianmin.,CAI Bingbing. LI Zijing
(School of Mechanical and Electrical Engineering,Jingdezhen Ceramic Institute, Jingdezhen 333403, China)

Abstract; A digita-control selectable microstrip filter bank with a wide frequency range has been designed, and
the single gating of the filter bank is realized by using the microwave switch. The harmonic characteristic of a re-
sonator loaded with a capacitor is analyzed. Each bandpass filter is designed as a comb line structure and its structur-
al parameters are optimized by using an advanced design system (ADS). The proposed digital-control filter bank is
composed of two microwave switches chips with decoders and four microstrip filters. The simulation results show
that the on-off state of each filter is controlled by three-bit binary codes which can realize the gating of each filter
with a frequency range from 500 MHz to 2 000 MHz.

Key words: switchable filter bank; bandpass filters; harmonic characteristic; comb line structure; switch chips;
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Design of Multi-frequency Acoustic Source with
Piezoelectric PVDF Film Array

HU Ming' ,KONG Deyi’ , XIE Dongyue' ,TANG Xiaoning’ ,XU He’

School of Electronic Science &. Applied Physics, Hefei University of Technology, Hefei 230601, China; 2. Hefei Institutes of Physical
Science of CAS, State Key Laboratory of Transducer Technology, Key Laboratory of Biomimetic Sensing and Advanced Robot
Technology of Anhui Province, Hefei 230031, Chinaj;3. State Key Laboratory Cultivation Base for New Textile Materials and

Advanced Processing Technology, School of Textile Science and Engineering, Wuhan Textile University, Wuhan 430200, China)

Abstract : A multi-frequency acoustic source device composed of PVDF and resin matrix is designed in this work.

The PVDF piezoelectric thin film is driven by a four-line excitation circuit with the adjustable amplitude ranged from

0 to 2 000 V, and the frequency ranged from 100 Hz to 2 000 Hz. By adjusting the frequency and amplitude of the

signal that excites the PVDF film, the frequency spectrum of the sound source can be controlled. The measurement

results of spectrum analyzer show that the spectrum of sound source can be adjusted dynamically according to the in-
put signal and the mixed analog noise with multi-frequency peaks can be generated. With the increase of excitation
voltage, the sound pressure level of noise source increases obviously. The multi-frequency acoustic source device is
promising to be applied to the measurement of the property detection of sound-absorbing materials.

Key words: piezoelectric film; simulated acoustic source; drive circuit; alternating excitation; amplitude fre-

quency characteristic
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Inertia Impact Linear Piezoelectric Motor Based on Cantilever Structure

HE Tixi' , YANG Zhenzhong' ,CHENG Ziyang’ , TANG Yuzhu® , HAO Sai’
(1. School of Mechanical Engineering, North China University of Water Resources and Electric Power, Zhengzhou 450045, China;
2. School of Mechanical Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract; An inertial impact linear piezoelectric motor based on cantilever beam was designed to meet the
requirements of optical fiber scanning and positioning during the observation of large sky area multi-target fiber spec-
troscopic telescope (LAMOST). The driving mechanism of the motor was also investigated. In order to avoid reso-
nance, the first order resonance frequency of the vibrator was obtained by finite element simulation. The prototype
motor was designed and fabricated, and an experimental platform was set up to validate the working principle and
evaluate the performance of the motor. The results show that when the preload was 0.2 N and the driving signal was
half of the sawtooth wave offset, the voltage peak-to-peak value was 60 V(600 Hz) ,the no-load velocity of the pro-
totype motor reached 1. 83 mm/s. The displacement resolution of the motor was 0. 8 um when the driving voltage
peak-to-peak value was 15 V. The maximum load of 0. 18 N and stroke of 40. 5 mm were obtained under the driving
signal peak-to-peak value of 60 V(600 Hz) and the preload of 0. 4 N. The performance parameters of the motor meet
the requirements of LAMOST's fiber positioner scanning.

Key words: piezoelectric motor; cantilever beam;inertial impact;sawtooth wave;{inite element simulation

7 = EAEEETPIEE AR

Vol. 42 No. 5

KK X 1 A B b6 4 6% K S8 i 4
(LAMOSD™ 2, E [ £ AN KKK L HirK
SCHGRE T R G LR AR T
2k [R) Bt 5 5 3 ) WG4 b DA HEAT 7 2% H AR Y
LRI, EXF LAMOST Sl i sk & T —
Toft 35 T R R 45 ) A I b o LR P Eh A Ok

Y %5 B #9:2020-04-22

s v 3K 2 — Ff R P 396 s R AR A7 AL R E
e At 1y — b 9K Sl AL S DR B A L B | IR R
JE R L PRSI AL T2 I T A W R T e K
SENL R GE L T A H AR GUR . i Dk a5
Ay A i Tkt RS T AR R R
KA,

1518 b ot T v B sk ) P B ot ok S BR AR

ESTE LA HAR 3410 E % B H (2008085ME154) 5 [ 5 1 4 0 & 1% 56 4 %8 B35 H (2018 YFD0400801)
EHE BN B E (1998, B iR A, B N FEHUAR BT 3k T 50 RB A4 RE &5 4 19 3K 2h 2% A% B 88 A BB 28 19 3T e AT AR AL i BiF 5% . 38
EEH M (1957-) , 2 1 28 B0, BV I RE VR 72 R sh WL R Ge T S5 A4k T 15 R VR 42 & s LR 08 It fb 45

#il. E-mail:1187315326@qq. com,



604 E H 5

B B FRAE R W IR B 28 7. 5 H A T
kb b 15 vps 5 R AT S50 0% L 4 B
R AR R A IR SRS T E A
YE LAMOST SEeF 5 R G0 e er @ fi g .
1 Sy fn 52
1.1 SikEfEN

B 1ok Hak iR 3D K. 2 AR &M
3ok PR SRR Rl T i e R R R 2 T R R
ootk 2 OGS E e TR R R RS
TR | e T BRI B — A TR A5 4 W]
PR B B SR S LR IR Ty

4

3
2
1

6 mm

(a) 3DHTY (b) W (EFHEHMD

YR

1R, 2.8, 3. a8 4. 6 5.83)
6. EEEE, 7. 9%, 8. EALA; 9. ME R 10. K

B 1 JER ik 3D R

RT3k G h R IS AR L HORG H T AR - i B A
A R R B AR BRI B N B T ER T
V1 B A A B a, HLB U Rt O A )
o AR B AN E B A TR R o T 1 iR .
HE T TR 28 5 LR IE AT AE L LI AE
5 2 51 b7 AR R . 2 R RS B T Bz B T
Rtk I A 2R B o 5 1] HIF— A4~ B 2 FRAZ
L. oy —i R HAIE M, 5 PR DG S JL i & .
i ke ok Bk 22 R, E AT 52 B A IR R B+
I (9 L A

Ly 38 35 E A i B 2R R AR L T T
i B RS FIR RN 1 Fis .

k1 ERDATEHHENSHK

IR
28

4] RF/mm K
FERE 1 H5EER 2 9XT7TX13 65 # 4 1N
JE &4 2 1.65X1.65X5 NEPEC-17
e T3 B1X44.5 304 A4E4
P 5 10X 6X2 65 # 4 W
HIHRTE B X4 X2 45 £ 4

1.2 DA TiEREE

K2 o Bk iy TAR B IE . Hhik 2 i i B
QR ZE A RSl S BUAS g i B AR e i T B L i 2P
fits .

Ao 2020 4
: iy
= 2 N
= @ g et
E ==
ol
P
e T —— |0 A A A
. ﬁ @‘/' “ll “/’ ‘|
.J“:iss 0 I [e]

(a) FEHE () frE &l
B2 HEH Tk iy TAE S A2

i 2Ca) AT e Sk 1 AN TAE R 2k
% 3l i YL bt 6 4h S 8012 3 B Be O AR s 1 e 5 005
S8 A AR S B B @ 4K .

D O, Sk afES kA4
UK HL TR 22 18 b T R S HE 2 18 A L B B 1)
Ay, Nl st e A28 . TRt .
8% 3 B 5 0 Tl 0 1A 1Y 5 R R O AR T RS 8
WYX TR SRR . (Bl TR P m AR
3, bR A Sl e A A) b A2 R B — B S

2) BrB@. MUK FEBESR T K, e L & 3l
B 2 N ] A P A B B ot il 5 B
AREED, XD b TR
KT EEHE D) 7% 30 i Hefs S5O0 R 3 80™ A A X 3l
o e A 5 B AR /NS

L3l Hr B OMQ . B3l g o™ —A> a] 22 (1 0 Iy
iR, EZEE IRV BL, ik S0 ) AE i % AL
izdy, PR TR B A E 2 (b)) iR, [
PR B0 147 0 9K 2 H R Sz 1] s B3k ] SEE R 1132 5

JE 5 HE B AR AR b B (A R 7 A DU RE
L IR R . B TR S BN (B 4 X
107" rad), HIE SR B H I M FRERE A «
] 2 WL 3 S 8 Bl AHOUT 0L 22 Ak B
1.3 BERTHE

T E A A 3 5 R i TS R R — g i
LR A A BROT 5 B COMSOL™* X% By ik ik 5l
JE N R Ay #EAT T A B B KL 3 TR

R JH% 8 668.9 Hz
v S p1.0x10°

!,. H0.8><10~5 §
T s

(a) A LA

=

(b) ekl g
K3 —Ba iR Bs0 '



%5 PP AR TR R AR A o oy LR A T3k 605
AR 115 FCA5 2R S 6 b K e T SR R . AR TRHESE Y 1. 713 mm/s; B EHIKHEK S0 0.2 N

T T RS,
2 SR G AT
2.1 HELIRTA

Bl 4N R SR EmE ., KRG ek
R SEEERE FATEE L. MildfESk
A4 (Rigol DG 1022) %t 3K 2l 88 15 W% (5 5 . 6 i
JE iR #% (Apex PAYD) it K5 il 45 = W & HE L H
DL H B R 5m 3. 38 i B0 R I #§ (Rigol DS
5022MD) S B W 3K 3 15 5 1 A8 Ak . K BOB L B A%
JE 2 (OPTO NCDT 2300) 1F X} B ik 12 8l 77 [ 1 &
DA I R 0 35 1 i A0 B AR 1 S AH DG B HiE DR A AR

TR
4 §

ot BteEas N

— Ly
~T VIES O %
——f® 9]

[ N J
e RER
cAdAL| BB
N AR
B4 A Tk S0 g A

2.2 LkTEHE

M IRAELA TS TR 0.2 NI 600 Hz,
UK A5 5 A U DR e B — 2 . F TR -0 1 43 O Ok
60 V(30 V {8 .30 V & 15 V i, 38 1 8O 7 7
TR IRERAR 2 T Sk B ML 5 8% ) fiz il 26, an &1 5 r
N o EHEIRTD 76 - (E 15 VI, oL B3k Y

TR P

oo
‘ 006
D?O

AHEZ N 0.8 pm, ZHIRTER A G S T . b
BRI 5] B g AR E .
R EERREERE
g ............. 6(?&;"-":*“:*“:* .....
& 200--k--h-- e
& |- ' G
10}--+ , =
v» SV
R S T R T
ﬂ‘ﬂj/ms

B 5 3R R i 2
2.3 ZhEds
UK 15 5 A e U7 U8 Al — 2 - IR Bl L - 0
k60 VIR T FE AR [ S ) SR B akas gk
JE 5 AR AR O R L UNE 6 Ffs . F R g £
600 Hz IR % T, M ik WK 1 0 i, B3k

A, Dk To A 4 R 1. 83 mm/s; H kT K J1 A
0.4 NI}, ik LM ER#HF N 1. 375 mm/s,
2.00 T T r T -

——0 : TR |
L75F == 02 N-""""1""roimT P
= 1.50}--—* 04N R A S g
= R i
8 1.25F--d-c-bocdoacbocdoa b P00
COP I o 2o
9 0.75)--1- - kA -y
o0 AT
0.25 P S - S N S|
100 200 300 400 500 600

B Mz
Bl 6 TAEAR 5 i Y e R K
HR A S 36 W 0, 7E iR IR Sl o R — 8 I AR R
3R R O S VR ) e TR A G, R T
RS — B B IR FENLY 2 ) R S T AR
RELMERR AR H ki 3 ol B K
B 7 R E S M % 600 Hz B 135 78 A [A] i
BNhTizsh#ESWamEE MR, HEAE
L FE TR )5 AR SR S A R B 3832 3l el
it 5K 2y L He 3 T 3 O 3 PR Ok B B H R Y AN T
B, He vl S ME AR TR AR I B R R, DT il AR R 1
PRWEAS K i 5 *E’Jiﬁﬂﬁ’*ﬁ fX)u *Vi*j(

2.00
1.75}
~1.50
g 1.25
@1.00:":|I:i
%0,75--- - -1

+0

A

02“15 2'5 ' 3'5 : 4'5 : sls
HE/V
B 7 SRl S e R e R A
TE TAESR K 600 Hz, 3K 3l #, JE Ig-15{H R 60 V
B, Bikizsh B S DR WK 8 s,
i B A A . Hyakaz B B bl A TS ) i 3 K e 3
KIG /N AE B S 1R 0.2 N i Ih k38 5l 3 Al ik
1.83 mm/s,

K8 TR )5 B B ok A
2.4 SEAHEN
B9 A REDLAE AR B 0 R B a8k . &



606 E o o5 F 2020 4F
A& W, 7R WK 3 L R - (E o 60 V., T/EMI R N tioner with two freedoms driven by piezoelectric ultra-
600 Hz B}, Tk REML I i 3 3 B Bl 25 fr 280 1% 3% i sonic motors[J]. Piezoelectrics & Acoustooptics,1999,
AN AR B0 2 RE ) B TSR ) 4 R M s . 2 21(5):1-6.

B0 B ik RE ML B R i Ek o 0. 08 N 24 i (3] yib AW B g AR L A5 — R LR 14 o oo
4% 0.2 NI, Dk REFL I B K2k 0. 12 N FAECLT] ER5H6.2020,42(2) :218-222.
M Sy Yy 0. 4 N OB H ik AL By Bk 2 LUSW, LI M X, FENG Z H, et al. A mechanical
0.18 N scanning intravascular ultrasound (IVUS) probe[ ] ].
20 . 5 Piezoelectrics & Acoustooptics,2020, 42(2) :218-222.
. ' 1 | ——
1.83 S i8%§ [4] PARK S H,AGRAZ J, TUNCDEMIR S, et al. Delta-
o i:i:___ | __‘:::i:::-_E:::i::l:j:: shaped piezoelectric ultrasonic motor for two-dimen-
g 1.2 =\ S B s g e sional positioning[ J . Jpn J Appl Phys.2008,47 (1)
= 1.0f
= 313-318
0.8} .
] I A W . N [5] ZEed. JBESR. BhGIT. %, BB ILER BT
0.2} . AT ). SR - WK L. 2013
0 2 4 6 8§ .10 12 14 16 18 (4):555-559.
) e LI X N, ZHOU S Q, YAO Z Y. et al. Application of
B9 FENLYEAS I 1058 00 0 fh 3k 1k . . . I
ultrasonic motor in magnetic levitation fly wheel loc-
3 é:lili Kﬁfj} king device[J]. Journal of Vibration, Measurement &
AR SCBT T b TR B A A A B v A Diagnosis,2013(4) ;555-559.
LR ik, Bk 1 H CAE R, il 1 S AL, [6] PAN Q S.HE L G,PAN C L,et al. Resonant-type in-
MR TR DA RENL I PERE . ertia linear motor based on the harmonic vibration syn-
S8 3 Sz I AT 0, FE T 7 0. 2 N OB, R 3 thesis of piezoelectric bending actuator[ J]. Sensors and
= o B R U R — 2k, R s {E J 60 V Actuators A-Physical, 2014(209) :169-174.
(600 Hz) B}, ik Jc 1 R 7 By 1. 83 mm/s, K 3 L7] A BREE . BR 4 e, — I 67 B 5% 7 19 vh s LR 75
55 W (i 15 VI T3k 10 {0 B 4 B R PLASBFRILI. I 1L 55 FEC, 2019, 41(2),205 206,
0.8 #m;%'lggij]fﬁ“%m%-m%fﬁy\j 60 V(600 Hz) , % WANG N, CHEN C, CHEN J Y. Development of a
1% 0.4 N B, Dk K fi 2k 0.18 N, ik 4 holiow ultrz;o:\ic motor with cylindri(;al rotor[ ] ]. Pie-
. ics G S ics,2019,41(2):203-206.
7,}:%%7 40. 5 mm,%?%iﬂﬂgjﬁ?ﬁh{éfﬁ (45 mm){)ﬁﬁ%&% zoelectrics coustooptics
3 . e s [8] HUA S, LIU G, WANG X, et al. A piezoelectric
R (0. 5 mm) g B 98 B (4 mm) T FEfR K . cwator with bidirectional thrust force[]]
inchworm actuator wi idirectional thrust force[]].
i | <
KEE;%EJE;E;% Eﬁifﬁfﬁ T 2 Sensors & Transducers,2014,171(5) ;169-175.
sk T2 Y [ FL 5 3k 45 A4 T -~ o w3 = 5
S AR AP B AT VIR 5 R 2 AR .
B, BN, AR R ETERNITR AN i G H R B BFSEBUR )T, FER 5750, 2011, 33
BB T R 70 5 4 VL G0 BB 1T s AR o 70185,
N Py AN = <> = et S
LAMOST [y5EEF 5 (7 4 9 4 o oK o 3 ok — 25 f ZHONG B W, WANG Z H, CHEN L G,et al. Cur-
b HR LR A PR AR R AR B2t — 2 e SEE T rent development of trans-scale precision positioning
Pl K o AR L AR 50T $h R He L kY i o technology based on the stick-slip effect[ J]. Piezoelec-
B H A L, trics & Acoustooptics»2011,33(3) ;479-485.
3 3Tk . [10] HEL G,CHU Y H,HAO S.et al. Inertial piezoelec-
(17 i @ 48, LAMOST 838 45 [J]. B 2% 58 4§ . 2016, 61 tric linear motor driven by a single-phase harmonic
(12) : 75-80. wave with automatic clamping mechanism[ J]. Review
SHI J R. The large sky area multi-object fiber spectro- of Scientific Instruments,2018,89(5) ;:055008.
scopic telescope[ J]. Chinese Science Bulletin,2016,61 [11] JWERIE, 84 €. # K. LAMOST J64F & i $ AR

(12) :75-80.
(2] FEHMW, EMOT BN S BB A D AR % 9K )

B s 00 EHS5H,1999,21(5) :1-6.

DONG S X,WANG S X,QIU H B,et al. A fine posi-

U] hEEZEEARKESEM, 2007, 37(6):596-600.
XING X Z, HU H Z. CHU J R. Optical fiber positioning
technology for LAMOST[]]. Journal of University of Sci-
ence and Technology of China, 2007, 37(6) :596-600.



424 455
20204£10 A

w5 O
PIEZOELECTRICS & ACOUSTOOPTICS Oct. 2020

XEHES:1004-2474(2020)05-0607-04

#0532 R A 4R SR T O B I 5

FANZ BBRRE
(BT IO R TFARAE WL T3 315800)

 F U RRIE T R B b 22— R X A T R AR RS R R S R L R G A R AT
I A A0 3 4 PTk 2E  H L TEE  [l AR S R AR E M ) R B B . R IR0 kB O G ) 3
R 2 200 W sl IR ARGR JORLEE TH 28 350 Ca] A7 A0 B[] 3t 2 5 1 i i 9 0 3 B e Pk Tl e i 0 238 A A e IR (4~
5)X10° . SR AL & 6 RE SO [BUAU R FT U5 09 A 5% & Fr #E 4T 43 & B, FLAE TR0 3l K2 ) 1) L 8 Rp AIE e B I8 A 5
R Bl W by T U IR K 5 | 1 K 17 O 388 T B A 5 R P S N T 3N 2 8 MPa I ¥ ) I [R] S <, 8 5 e 4 i
A B PR SN IR BT IRE . S5 AR BT TR g A8 Ak g TR AL T T R A R AR M s AL

SRR AL S AR AR 5 R b 5 DR SRR e 5 RN g 5 5 e AT B

hE 4 %S . TN752;0321 XEkARERD A DOI:10. 11977/j. issn. 1004-2474. 2020. 05. 006

The Study on the Influence of Thermal Shock for Stability of
Quartz Crystal Resonators

YIN Xiaosan.,XU Junjun
(TXC(Ningbo) Corporation, Ningbo 315800, China)

Abstract; The influence of reflow soldering, one of the instantaneous thermal shocks, on the frequency stability
of quartz crystal resonators is analyzed and studied. Based on the existing research experience and the frequency
recoverability after reflow soldering, it is deduced that the film stress is the main influence factor of frequency stabil-
ity after reflow soldering. Through experiments, it is found that the frequency stability of resonators after reflow
soldering can be effectively improved when the sputtering power of the thin film is reduced to 200 W or the annealing
temperature of the thin film is increased to 350 'C, and the frequency deviation after reflow soldering decreases by a-
bout (4~5) X107°. The micro Raman spectrometer is used to analyze quartz wafers before and after reflow solde-
ring, and it is found that the Raman characteristic peak of quartz wafers shift obviously toward the high frequency
after reflow soldering. It is inferred that the compressive stress of the quartz wafers increase by about 8 MPa be-
cause of the increase of the tensile stress of thin film caused by its thermal expansion. With the increase of the cool-
ing time, the thin films shrink and the pressure stress of quartz wafers decreases and the frequency gradually recov-
ers. The results show that the change of film stress is the mechanism of reflow soldering on the frequency stability
of resonators.

Key words: quartz crystal resonator; thermal shock; reflow soldering; frequency stability; film stress; influence
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Study on an Auto-parametric Resonance Piezoelectric Energy Harvester
with Mass Block-Spring Subsystem

CHEN Zhongcheng. XIE Xiaodong,XIE Jin
(School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract; In this paper, a two-degree-of-freedom parametrically excited piezoelectric energy harvester is pro-
posed by mounting a spring between the piezoelectric beam and the end mass block. Using the extended Hamiltonian
principle, the dynamics equation of the harvester is established. The simulation results show that as the piezoelectric
beam in straight state, the motions of the piezoelectric beam subsystem and the mass block-spring subsystem affect
cach other, and the stiffness of the spring and the mass of mass block have an important influence on the perform-
ance of the harvester. When the natural frequency of mass block-spring is twice that of piezoelectric beam, the har-
vester is of an auto-parametric resonance, the excitation threshold of the harvester is the minimum; meanwhile the
bandwidth of energy harvesting will be extended.

Key words: piezoelectric energy harvester; auto-parametric resonance; excitation threshold; broadband
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Abstract; Acoustic filter is one of the core components in current RF front-end modules. With the in-depth ad-
vancement of the fifth generation(5G) mobile communication technology, the technical requirements for filters have
also been continuously improved. In recent years, with the support of some new architectures, new materials and
advanced modeling technologies, the acoustic filter technology has continuously made breakthroughs, and many
high-performance acoustic filters have also been continuously developed out. In this paper, the research status of
some representative high-performance surface acoustic wave(SAW) and bulk acoustic wave (BAW) filter technolo-
gies including UltraSAW, LowDrift™ and NoDrift™, THP SAW, XBAR™, XBAW filters, etc. is presented and
reviewed. Finally, the technical issues of acoustic filters that will be faced in the future are briefly summarized.
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Study on Surface Acoustic Wave Interrogation System Based on
a Six-port Resonator

HE Hong' ,ZHAO Zuo*
(1. College of Electronic Engineering, Xi’an Aeronautical University, Xi’an 710077, China;
2. College of Computer, Northwest Polytechnical University, Xi’an 710072 ,China)

Abstract: SAW resonators are widely used in various wireless sensor applications. In order to achieve high up-
date rate and high precision SAW measurement, a low-cost resonant SAW interrogation system is proposed in this
paper. By using a low-cost six-port interferometer, the frequency of a passive SAW resonator can be measured accu-
rately and quickly. By using delay line, the frequency measurement value can be simplified to the phase measurement
value which can be evaluated in real time through the six-port network, that is, the frequency estimation can be ob-
tained by comparing the introduced phase shift with the non-delayed signal. The results show that compared with
the conventional design, the proposed design can provide a high update rate and lower system cost without complex

signal processing. The experiment on 2.4 GHz frequency band has proved the feasibility and superiority of the pro-

posed design, the accuracy is high and the measurement time is only about 3 ps.

Key words: surface acoustic wave;six-port interferometer;resonant;delay line;frequency
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Preparation and Application of Composite AIN Piezoelectric Films

CHEN Yunxiang,ZHAO Xuemei,ZHENG Zeyu,TAO Yi, WU Ping,TIAN Yarui,
ZHANG Yongchuan, XU Donghui

(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract; The piezoelectric AIN thin films were prepared using middle frequency(MF,40 kHz) magnetron reac-
tive sputtering process with dual s-gun structure. The electrode Mo thin films were made using DC magnetron sput-
tering process. The Au / Cr bottom electrode films and Al/Cr top electrode films were prepared by using pulse DC
magnetron sputtering process to sputter gold (Au), chromium (Cr), aluminum (Al targets. The AIN, Mo and Au
thin films were analyzed by X-ray diffraction(XRD). The results show that the (002) crystal surface of the compos-
ite aluminum nitride AIN piezoelectric film, the (110) surface of Mo film and the (111) surface of Au film have ex-
cellent preferred orientations, indicating that the Al/Cr/AIN/Au/Cr/YAG composite piezoelectric film can be used

to develop Ku-band and K-band bulk acoustic wave microwave delay lines (BAWDL), and the insertion losses are as

low as 43.7 dB and 54. 6 dB, respectively.

Key words: composite piezoelectric AIN thin films; Ku and K band BAWDL; low insertion loss
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Strapdown Gravity Passive Navigation System

CAI Tijing, HUANG Junxiang
(Department of Instrument Science &. Engineering, Southeast University, Nanjing 210096, China)

Abstract: In order to meet the needs of long-term, high-precision and low-cost navigation of underwater vehi-
cles, a strapdown gravity passive navigation system is composed of a single-axis rotating strapdown inertial naviga-
tion system(SINS) based on laser gyro, a log, a depth gauge, a strapdown gravimeter based on fiber optic gyro-
scope and a digital gravity anomalies. The position of the carrier is given by a single-axis rotating SINS based on la-
ser gyro; An underwater strapdown gravity measurement system is formed of a strapdown gravimeter based on fiber
optic gyroscope, log and depth gauge, the position information provided by the axis-rotating strapdown inertial navi-
gation system, the speed information provided by the log and the water depth information provided by the depth
gauge are used as observations, the extended Kalman filter is applied to estimate the specific force of accelerometer
in the local-level frame, the low-pass filtering is used to obtain the gravity value and the gravity anomaly value in real
time; according to the digital gravity anomaly map stored in the computer, the relative extreme value method is used
to calculate the position of the carrier. At the end of 2019, the strapdown gravity passive navigation system carried
out a long-term shipboard experiment, and the experiment data of the system was processed offline. The experiment
results show that: the carrier position error is less than 1 grid size of gravity anomaly map in the matching sea re-
gion.

Key words: rotating strapdown inertial navigation system(SINS) ; strapdown gravimeter; gravity anomaly map;

gravity passive navigation
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Analysis and Study on the Accelerometer of Rate-bias
Laser Inertial Measurement Unit

XU Binghua'**,ZHU Zhanxia'* ,XIE Bo’, YUAN Jianping'**
(1. School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2. National Key Laboratory of Aerospace Flight Dynamics,Xi”an 710072, China;
3. No. 16 Institute of NO. 9 Academe of China Aerospace Technology Corporation, Xi’an 710100, China)
Abstract; The directional accuracy of the rate-bias laser inertial measurement unit(IMU) is not only related to
the laser gyroscope but also has a great relationship with the accelerometer. Therefore, the study of the index sys-
tem of accelerometer is of great significance to improve the performance and accuracy of the rate-bias laser IMU.
This paper analyzes the influence of accelerometer on directional accuracy from the initial alignment and direction
hold. The zero deviation error and random walk of accelerometers will lead to the error of initial alignment heading
angle. In order to obtain high precision heading keeping accuracy, the drift trend of the three accelerometers needs
to be consistent. The experimental results show that the bias stability of the accelerometer is increased by 4 times,
and the statistical accuracy of the initial alignment heading angle is improved by 30%. Under the same accuracy of
accelerometer, the heading keeping accuracy of the rate-bias laser IMU with the same accelerometer drift trend have
a 57% improvement than that of the rate-bias laser IMU with the inconsistent accelerometer drift trend.
Key words: rate-bias; laser inertial measurement unit (IMU) ; accelerometer; random walk; stability; directional
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Finite Element Analysis and Experiment of Multi-directional
Composite Ultrasonic Transducer

GAO Changbin' , XUE Jinxue' , MA Wenju', LONG Zhili’, ZHAO Heng’
(1. School of Mechatronics Engineering, Henan University of Science and Technology, Luoyang 471003, China;
2. School of Mechanical Engineering and Automation, Harbin Institute of Technology(Shenzhen), Shenzhen 518055, China)

Abstract: The ultrasonic transducer is the core actuator of microelectronic packaging technology. In order to
solve the problems of low bonding efficiency, uneven bonding surface and insecure bonding point of traditional one-
dimensional longitudinal vibration ultrasonic transducer, the finite element model of transducer is established by AN-
SYS simulation software for modal analysis and harmonic response analysis. A kind of 40 kHz multi-directional
composite sandwich piezoelectric ultrasonic transducer that can realize axial longitudinal vibration, horizontal ben-
ding vibration and vertical pitching vibration at the same time is designed. Among them., the piezoelectric part con-
sists of a whole ring and a 1/4 ring ceramic sheet which can be excited separately. The impedance frequency charac-
teristic curves of longitudinal vibration, bending vibration and pitching vibration of the transducer are obtained by
the physical test of the impedance analyzer. The results show that the test values are basically consistent with that of
the simulation analysis, and the structural performance parameters meet the bonding requirements, which verify the
rationality of the structure.

Key words: ultrasonic transducer; multidirectional composite; modal analysis; harmonic response analysis; same
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Design and Simulation of a Novel SAW Triaxial Acceleration Sensor

GUO Xinrong,ZHANG Yongwei, TAN Qiulin,ZHANG Wendong
(Key Laboratory of Instrumentation Science & Dynamic Measurement, Ministry of Education,
North University of China, Taiyuan 030051, China)

Abstract : In this paper, a novel triaxial SAW acceleration sensor is proposed. The model of the sensor is estab-
lished and the finite element simulation is carried out. The displacement and strain distribution of the sensor struc-
ture under different acceleration loads are obtained. The sensor design adopts a four-terminal five-beam structure.
The influences of temperature drift on the response of x and y axial acceleration sensors are eliminated and the de-
coupling of each axial acceleration is realized through the design of the resonator position and the algorithm. The
feasibility of the overall design of the proposed three-axis acceleration sensor is verified from theory and simulation.
The modal analysis of the sensor is carried out to obtain the natural frequency of the sensor to avoid the resonance
damage. The results show that the modal analysis of the sensor structure provides a certain basis for avoiding the
damage to the sensor in practical application.
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Vol. 42 No. 5

0 5%

PR (SAW) $7 A R HLJ6 28 6 U8 45 1k 76 36
BRI SR 252 5% . H AT SAW £
SRS T IRLEE L TR 7 3 B A M A o 2 A AR
. SRR SAW i BE AL I AR R — i [ L 55
— i 7 28 JOT kA 1 PR IR A S SRR A A
2 i B2 A T 8 S e T BH e S 14 T A A L
Tk o S T 5 S SAW AL S8R5 07 B Ab 1) 1R H
TR AR BURE IR AR B P L B R
JEE A I R A AR AR T sk e R A A 4 5 | R A U
or ZEAL AL AL S 28 5 A% TR A5 PO I S RS
SR FH 50 g S B SRR A5 M 1 SAW i ek JBE % JRR 3 R R

Y %5 B #9:2020-04-13
ELTB :EHHKAKBEEEFIT H(U1837209)

R EER T A A e 0 o o AR X — T 1)
FR T R R AT . AR S T — R AR BN HL AT
T ek 22 7 i) o0 ) = A s R A R
TUAE Y KT A% JER A28 235 A8 E AT 57 A% 0 0 A% 43 BT LA 56 T 15
TFES MR R AR RS A AT 3RS T
T2 TR 1 [T A 056 3 e T 4% 85 i 2 T Ak o7 O AR
4 BUAR A5 T 4% T8 i 45 400 23 B o o 3 AR f I O R
NG R SAW =l i 8 A% B 1Y) S 56 A o 4 4t
T E WS R
1 ITHER

WE 1 iR AR SCE I SAW = 4l i B 4%
TR SR FH DU i L G 25 4, A% R AT ER 57 B i R K B

1EE T A SR (1993-) 2o i YR JEUN A AR, 8 S R i 9 SR BT T SAW (RIS ROBE ST . AR AR WA (1979-), 55, 8 3 4
MBI ERAGE LI T MBS RS SRR R



%5 3

SR OOk A T B PR AR T e — i o A S s 645

(LGS) fiy i@ it L H R 8 (MEMS) T2 il &, &
JEAERE bR W SAW L IR SR E 78 il &
T ] 365 44 ) L 3 3V 9 20 ik T il 2 S BR 2 AR
A3 il it o DU R AE A, B LGS i R A )
T X B R E TR A5 i BRI AN K WL
Fr 5L NI o, B R kB R TER b
B RER o R OREEE N E TR LK b2 B
R R R R b, SAW =l i B A IR g A
F SAW 3, R SAW &4k #5 15 Ry s 50T, 2
5 R 32 B 0 38 B A & AR L A2 TE L SAW 3 R
TR AV B AL 1 T R ) B A A T 2
KRR B SAW IR 25 i 72 07 B AR 1) SAW A
R FSE AL JER R 45 ) 2 A e S e % 5 | I R AT R
AL AR SR Y =0 R A SRS R AN R A
(14T B o 2H B A% TR A1 3 ok B R T S B [ A
[ P O B P A R = SRS Oy Tt 2 ey T 2 1R
8 A 1) R AR 3 38 3 L VR I = b
T BE . AR R S R A M R SF R ]
FIi7R o

h
J ”
w
e
B~
y\Tz/,x SAW th s
o
B1 3% 0D =l o A% Rk 2 5 A ]
k1 ¥YHZ4#HEAR+THH
h/mm t/mm k/mm W/mm w/mm b/mm
0.3 0.1 2 12 8 0.3

2}y SAW =l Jn o BE AR R AR A A
B, B 2Ca) G i F T 7s & B, SAW =Hhiim
R AR SR ] 4 A SAW B4R %8 1 o U T
Sy TR O X, L A BN 2 U
[ i1 AR SR AR 41, C D Sy oy J 1) AL R A
WA IR AR 1 XS5 R AE R i SAW 3 Ik
BN RS AL ) SAW IR g8 45 Mg AN [m) {5 4 A
AR AR AR SICR AR A . & 2(b) Sk o J 1) 4 i
JERIEM x MPELEREE., T a5y BXT
HL )5 AR s 2 LT o By R ILA 58 O 4t
H = BALAE 7 0 3 A o 4% & 32 3 o J7 1] (i fin

HPEEM T 2 R HE O RN, 2 B AR
PR o BESE AR 4t & R A F1 B BT fE (o 8 4y
SR AL 4, SR B, B 2y y
T I EE SR A y BRI R .y BUR I
IS« MBI M. B 2(D R = 5w
AR B S 1) o MR R R Ty MR
AL 5 Z 0 X AR « BRI, BT
x iy BRI L O FR S BRI = T 1) o B X
x Fly BRI AR . SAW IR 2% (0 55 R 5%
G VR IR A T L A5 A B O AR AE G PR L Tl
AR IBCA [ i3 J32 o8 S0 1 368 Jl ) g 25 Wi mT T 5 4% Uk
for FI W
YRR R

it
Pl P
| il
|— L>

]

xR
i

:

o * —

a
b DB Y-y
O (& WEREH Dkzd bl ot

2 _ R
z L |a
OL»y “a o* s
it — X
—\ Y i z/-{?ﬁﬁ
a
OL'}’ _;, OL>x
(©) yHi ARG~ R E () z77 M AR TE R E

2 SAW =0 R L A% TAE R
SAW PR 2% B IS IR A5 R 0] e LN

_ v
f—/1 (D

e 09 SAW 3l JIR 45 19 3 IR 055 2 O AR LR
A 30 5 0 O s HLRE IS b 9T SAW S IR 45 1546 7 1] #9
FHIEEE .

B i v R G A A R R R g 1) A A
I DR SRR AR AL AT

df == Z(dhs + +%<dvT tdu) (@)

Kb fo IR IEIRR s dAr D i BE 5 R 1Y) i U A
ZERIAE AL s dA, S s T 51 1Y 9 IR A 25 4 1 A2
s dor D R 5 1S 1R AR EE AR A 5 o, S i B 5
A AR AR AL

ik JSE A J3E 24 AT 5 | 9 AR 4 ) 45 4 S TE R TR
P R S B A R R R B A A R . I B T SR AR
TR A5 R 1 RO (L X R R A ) BT KA /) 5 3
X I IR i 1) 45 R AR e R A S 2 114 oA 4 A R T T
I AT 220 do, T T PRI A A S L B



646 E H 5

= 2020 4F

df’() = f’()eﬂ - f-()eT + %d'UT (3)

K e, = dA/Aser = e /A 5350 g i B2 RO FE 51
L PR T I A JIT 1 o B AL ) N

H1 T[] 438 I e R AR () 9 010 1) 025 4, 3
A% 1A A ] A0 3 P 450 5 ey ik B8 51 R 1) N7 722 A
HEE B 728 A AR [ o BRI o () 2 3 i g T R AR A 2
72N

df, = dfa —dfs = feew — fagar =

SaCeme — eanr) 4)
dfy =dfc—dfp = Soeay — fc&,c,y =
fC (€any - €acy) (5)

K 2oy HRAE T 1],

P T [R) 2L W0 A% T 2 A0 B A 1 7 AR R /N A 4 5
JEAHR . B

dfl = 2frew. (6)

df, = 2fcen, (7

M2 T8 = Jy ] 1 0 kB e W B e By 5 Y
o X S R 7 A A X R R s 3 R R A X [
2H N AR IR AR 0 52 AN [A] S R G S 0 0BT B A A
FRE R B o 5y Jy 1ok BE X = ) fin R A% ek
ar RS, R o 5y Jy ) Y R X [R]
2 A% A0S T 5 T P SBT3 A R T . B

AR ] AL s 2 A B
df: = deJFdfnJFdfc+dfn ==
_ZfA(eaAz + eac:) (8

YE = 5 [ i JBE 5 |3k 9 490 R 4 A oo BRIV nT i
BR R o By J7 1) s B2 X = Alon B AL IR A Y R
Wi o Jo o JRE A i 14 SR ABORE E S

dfi 1
S = 21—
7 a 9
K ca FIEIE s ki = dfi/ fi AR BRAEAL 50 =

XeYVsZo
A SAW I8 4 11 1) 76 25 35 [ P . L ) R g
AR ) AR AN K 3 A 4 A BIR 0 AR R 3 R 2 T A
V7 B b 1 0L AR B RT R AR IR AR TR B ARk . A S
ST A BRI SR FH R B AL b 2 L BIE R IR LGS 1Y
PREZ BRI R A B AR X A
W,
2 GEZERMN
2.1 EREHSMH
FIFl COMSOL Multiphysics 4 X = %l fin
JE A% AR AT 0 A 0 B A3 0 o A5 A R AR i i B AR

58 B [ A 24 B O %o A Y o 0 R R AR B A
LGS & 0°,138. 5°,0° Y] [a] . il 3 B 5 [6) ) — = )5
] K/NA 1g(g=9.8 m/s”) , 53 B i B A% J 28 1Y
PR TN S TG, B 3O R F Y E N 1g
B B KR KA TE = B o s i KA AS K25, 1X
107" mm, BE 3O A IAEN . B FA% T
HO X FR 23T AR B g PR A4 7 B AL A0S 1 LF
AR v B2 WAL AR Ak AT A 208 53X 5 3E 3 B )
Hro B 3Ce) Sy =l in 380 R AR AR AE o Ty [l o
J—1g BN A 53 A . BRI DL e B R
A SRS o3 A BRI — B0k O HAE A B
E T VAN R DAY ol (e Ao A N A A
0.058 6110 °,

0.8

5 y/mm l”“‘“ g 0s

2.0 nm E 04

B ®

b5 Ersm & 02

~1.5% 1.00m 00
z 0 0.5nm 0 2 4 6 8 10 12

» Zs x/mm |0 x/mm

(a) BB i (b) xJ7 IRERAL RS 43 A

O

0 it S 0.02

P> —5 2x10° 3y 0
e 0.5 E o g -0.02
5_1'5?1 —2x10 —0.04;

0 . :858% 4 6 8 1012
x/mm

y%zvx -5  x/mm Sl
(d) x77 PR AR S} A

() BiAE 44

3 —x Jy T g i BE B RS i L AR
Bl 4Ca) gy —y Jrial 1g Jmad BE 8 18 7 iy AL
A . BT LGS b4 [ Sk 1 did A 61 B H AN TA]
Y B A [a) i P B PR, Y i g @9 o 3 2
Iy B SRR T AR B e KA AS CILIET 4 (b)) g /)
T o BRI B R AR (LI 3(h))  Ho

0.6
g 04
£
R 02
&
03F
0 2 4 6 8 10 12
x/mm
(ORVA:Zixii (b) y77 T BRER LB 43 i
10 0.04
5 / wa*! .
20" [ el
; S 5 2:107: ) 0
\ / 0.5 E (1)10 g |
\ s —1.5?l —1x10-8 —0.02]
ol -0.04%
z 0 e =0.06]
y,g,x =5 x/mm —4x10° %0 2 4 6 8 10 12
—5x10-¢
x/mm
(c) REAESH AT (d) 77 PR i AE 53 A

P4 —y 5l Lg s B 484 T 5t R 59 A0 B 7 i A8



%5 3

SRR A < B A 2 T e = Tl

5 SR B BE T B 647

AR /N T B R T AR e K AR . AR A G
(6).(7) i ﬁwﬁzmwﬂt'ﬁrj/}zﬁkm& B &
Ji AR IRES AL S Ly Jr IR IRER M S K. v B
k1 KN AR A 0,041 85X107°,

BS g —= Jri) 1g e B4 far T ot A 1 07 B8
MRS, BT oy B3R ML E AL 4 A AH
G LEWA&H MR RERE LW o, |
BS ATE L T o fy BRI X AR LA S5 44 . = il
T35 5| R A R 1 6 B G T vt KRR, HL ) 4 A% Jk
i 0L Ak B IO A SR () s /N LT A A S S BRIE T
= AL IR AR AR LS i AT AT

8
g 6
s 4
@ 2
0
25 3 10 12
(d) xJ5 I ERERAL B 43 A
e 020
5 ymm F‘S’:g 0.15
. 1ox10+ ¢ 0.10
K7 =5 o saoe 2 005
- 280 & 0
5 N =500 f2_0 05
i |710><10’E _0 10
z = /5 —15%10%  _
. 5 Ymm M7 6 s1012
x/mm
(b) x7J7 Il R AB 43 A () xJ7 [ ARLR N AE 43 A
os 020
‘ 5  y/mm |f‘;:2 0.15
< 0 os10+ 3 0.10
o€~ g 5 B s
. 2w 0 B0
s 510" 2_0.05
j 0, I*“’*“’" -0.10
z -15%x107%
-5 X/mm _015
P 0 24 6 81012
y/mm
() y77 1] .38 43 A (f) y77 MR A 43 A

B5 —= 70 1g ik
2.2 HEEHSH
B 7)1 11 1 93 £ - STyl o £ o) | B 93 £
A8 (T 2 25 X v fin o 2 sh S AR 1 L T 225 1
TS A 025 ) 5 A S g 1 TR A AR 25 A A B AH I A
S| RAR AR RIS . RIS S5 R L B
SR R AR B AR TE o DL BORS R 2R 8 s 5 L R UL
WhARAE BT By B % I8 A% 8 1 iR, R R T e R
R IR AR 1 [ A 4% . 8 22 COMSOL Multiphysics
BRA X A% AR S A AT RS 43 BT o P AR AT A5 B A% 45
B I B R A A . ] 6 SR AR SO AR Y R Rk
SER I A RS | L1 A A5 437 Ry 5 892 Haz,
11 054 Hz.12 822 Hz 1 31 011 Hz, A 0L KSR
SRR ER S 0~1 kHz, PIL % 45 4 2 LIARIE

JBE A T 9 60 B8 AR AR

B AR 9 IE AR E A .

5 y/mm
0 20x102

14x102
12x102
10x10"2
8x1012
6x10712
4x1072

—1.5510x102

0 5x10°! o
5  x/mm

z
}’v(\%,x
0
(a) f=5 892 Hz
7x10-2
6x1072
5x1072
4x10712
3x1072
2x10712
1x10-12
o

() f=12 822 Hz

(d) f=31011 Hz

K6 iEdRIRTL A
2.3 MRESHT

B 7 Sy st B2 N — 1g ~ 1g A2 Al Bof 45 il 1) £ Jek
A AT AR N, p ] 7 Ca) AT 2 e ] G o
Wl TR PRAS A B RIS IR A [ L D 0 P R
TR IEN 052 — o J7 [ A7 A N I A T IR A
P8 I I 3 T 3 8 DR T3 O L 5 2 AN L B i iR

. 010
= 0.05pfn
pr
0
E‘t 0.05h2
E o X
Z -0.10
-0.15%
-1.0 -05 0 0.5 1.0
niE BE/ g
(a) xBlAH X P AR AL
0.10
fz 0.05} &,
|
X 0
s
% 0.5k,
k-2
-0.10 . f "
-10 -05 0 0.5 1.0
kR /g
(b) yhhFT S AR 4k
0.6
“'é 0.4
S 02}
Ei 0
S -02f
E -04f
05 —0.15 0 05 1.0
ik RE/g
(OF S

T ATl AR R A IR R AR AL



648 E H 5

==

F=

ot 2020 4F

i PRV i A0 5 B T R R A R /) s AR Al = (6D AT
B30 df<<O05 24+ 2 J5 1] 4778 0 B2 i), 5 B0 1F 4 A
Sodf. >0, L, s A df L 5945 5 ) WA e Jn ek
FE B J5 1) . [ BR v Bl RS 69 5 ) [ A AT G
df RS I CRLE 7(b)) . B/ 7 () AR (8)
AR BN = B 5 AR R e &R .
TR A A% B VB IR M 32 AR b 2 R R = il 3
TR BRI S 2 = Bl 82 O B i), 25 6 i 4 19 38
P W1 22 AR A 34 A TE AR 5 2 = Bl Il B Ry IE B A5 1 R
i 1Y) T B AT 30 A A 34 Oy SRR = Bl S B R X AR
AR A, WP ERE oy fl 2 Jr i
B0 3 B 53 48R 433 A 0. 105 4 X109/ g.,0. 076 9X
10°%/g F1—0.462 9X10 °/g,
3 HEHIE

AR T — TR 2 Tl B A A
30 Ao R WG o T 0 235 ) R R A8 O W B S B T
x Fly T ) A R ) kU A% 2 AR =l o 3 Y i
&, A COMSOL Multiphysics {4 %] 1% &%
AT T A FRIT R0 B AR AR T A% AR AN TR
J7 o] BT R BE 8 Aar I 1 67 A% N AR A, IR AR AR T
AN TR) 5 i) Jomn 3 F A0 S5 0 7 o 5 GiE T T 4 L Y A% TRk
e 0 B PO B AT AT M o 3 Ak R SRR 2 A B RS )
BTARAG 1 IR A [R) 1Y) [T A 400 23, hy ol 4 1 JR 0 1
Wt TR . MR RS RITESR 2.y M2
J5 1) B 0 B RE R BRE 43 A 0. 105 4 X100/ g,
0.076 9X10 °/g f—0.462 9X10 °/g,
SE 30k
[1] KANG A,ZHANG C,JI X, et al. SAW-RFID enabled

temperature sensor[ J]. Sensors and Actuators A-phys-

ical,2013,201:105-113.

(2]

(3]

[4]

(5]

L6]

7]

(8]

(9]

TAO R,HASAN S A,WANG H Z,et al. Bimorph ma-
terial/structure designs for high sensitivity flexible
surface acoustic wave temperature sensors[J]. Scien-
tific Reports,2018, 8(1):9052.

WANG T.MU X, RANDLES A B, et al. Diaphragm
shape effect on the sensitivity of surface acoustic wave
based pressure sensor for harsh environment[J]. Appl
Phys Lett,2015, 107(12): 123501.

OISHI M, HAMASHIMA H, KONDOH ], et al.
Measurement of cantilever vibration using impedance-
loaded surface acoustic wave sensor[J]. Jpn J Appl
Phys,2016,55(7) :07KD061-07KDO066.

WANG W.HUANG Y, LIU X, et al. Surface acoustic
wave acceleration sensor with high sensitivity incorpo-
rating ST-X quartz cantilever beam[ ] ]. Smart Materi-
als and Structures.2015, 24(1).:015015-7.

LI B, YASSINE O,KOSEL J. A surface acoustic wave
passive and wireless sensor for magnetic fields, temper-
ature, and humidity[J]. TEEE Sensors Journal, 2015,
15(1) :453-462.

NICOLAY P.AUBERT T. A numerical method to de-
rive accurate temperature coefficients of material con-
stants from high-temperature SAW measurements: ap-
plication to langasite[ J]. IEEE Transactions on Ultra-
sonics Ferroelectrics & Frequency Control, 2013, 60
(10):2137-2141.

AHMADI S, HASSANI F,KORMAN C, et al. Char-
acterization of multi- and single-layer structure SAW
sensor [ gas sensor ][ C]//Vienna, Austria; [EEE Sen-
sors, 2004:1129-1132.

SAKHAROV S,NAUMENKO N,ZABELIN A,et al.
Characterization of langasite for application in high

temperature SAW sensors[ J]. Internaltional Ultrason-
ics Symposium, 2011. 2289-2292.



w5 O
PIEZOELECTRICS & ACOUSTOOPTICS Oct. 2020

424 455
20204£10 A

XEHRES :1004-2474(2020)05-0649-06

St £F B 4235 25 3 KT IR 22 4 6 77 SR T 5%

z W'.E &'.BEHH KB
(1. FE At FHORDFZEHT VL5 B &t 2100005
2. WITLRZ OGRS TR 2 b AL E U B R E SR = WL b 310027)

W OE AT W OGP IR AL BN SER B S 0 R G v DGR BE IR 2l R v R AR 20N T B SR U S
BR2E I R 2R O U BRI RS B G A BE IR R G R — P R R OGRS A X OB A B IR B A2
AR50 R 1 B A3 AT 5 A R T — AR A R AME YO £ B R R 2h IR AR RN 1% 25 Pk RR 22 0F M VA . LIRS
SR I B R — 40~ 460 CIBE FOLLFREIRIEB MR 2 M 0.02~0.50 O)/hFEE 0.01 )/h AT,
of Ry 5 FR 45 1 5 B AE B 25 M 1. 4~35 n mile/h B 0.8 n mile/h LATF 45 50 T JG2F B 2 )5 3h iR A8 %00,
WELRAT REMERE.

KR T W RGP R 5 IR AR RO 5 AR R AR B 5 5 R 738 800 158 25 45 s B B B 5 O AR X R Ol 47 36

thE 4 %2 TN253;V241. 5 SCEEARARAS A DOI:10. 11977/j. issn. 1004-2474. 2020. 05. 015

Research on the Suppression Method of Temperature Transience
Effect Error of Fiber Optic Gyroscope
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(1. Nanjing Research Institute of Electronics Technology, Nanjing 210000, China;2. State Key Laboratory of Modern

Optical Instrumentation, College of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract; In the strapdown inertial navigation system composed of interferometric fiber optic gyroscopes, the
drift term caused by the temperature transience effect during the startup of fiber optic gyroscope is the main error
source of navigation error and has become a limitation to further improve the performance of high-precision fiber op-
tic gyroscope systems. In this paper, through theoretical analysis and modeling of the temperature transience effect
during the startup process of the fiber optic gyroscope, a method for suppressing the error of the temperature transi-
ence effect of the fiber optic gyroscope based on lookup table is proposed, and the evaluation method of the error of
the fiber optic gyroscope temperature transience effect is also proposed. The experimental results show that the sup-
pression method can reduce the drift probability error of the fiber optic gyroscope from 0. 02 ~0. 50 (°)/h to less
than 0. 01 (°)/h at the environmental temperature of —40~+60 C, corresponding to the navigation circular proba-
bility error reducing from 1.4~35 n mile/h to less than 0. 8 n mile/h, which effectively suppresses the error of the
start-up temperature transience effect of the fiber optic gyro and greatly improves system performance.

Key words: interferometric fiber optic gyroscope;temperature transience effect;unsteady-state temperature field;

equivalent mathematical model of temperature transience effect error;quadrupole fiber ring
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Preparation and Property Study on Sr,Nb,O; Textured Ceramics by
Template Grain Growth

SHI Yulin, WU Chao, WANG Dan. WANG Hongliang, WU Xiaojun, CHEN Qiang
(College of Materials Science and Engineering, Sichuan University, Chengdu 610064, China)

Abstract; The textured Sr, Nb, O; ceramic with high anisotropy was prepared by template grain growth(TGG)
method, its anisotropy in crystal structure, dielectric and piezoelectric properties were systematically investigated.
The results show that the textured Sr, Nb,; ceramic grow preferentially along the <C0/0>> orientation, and the
grain orientation factor is calculated to be 0. 78. The Curie temperature of the textured Sr,Nb,; ceramics is
1 328 C, and its piezoelectric and dielectric properties exhibit obvious anisotropic characteristics. The piezoelectric
constant of SNO™ sample is 2. 8 pC/N and the resistivity is 5. 6 X 10" Q + cm at 650 C.

Key words: Sr, Nb, O; ceramics;textured structure;template grain growth;dielectric property;piezoelectric prop-

erty
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Research on Robust Sliding Mode Observer for TWUSM Vibration Modes

JING Kai'? ,LING Xiaping' ,DONG Yan'**
(1. School of Artificial Intelligence, Hebei University of Technology, Tianjin 300401, China;
2. Hebei Technology Research Center of Control Engineering, Tianjin 300130, China)

Abstract; Considering that the control accuracy of travelling-wave rotating ultrasonic motors (TWUSMs) is di-
rectly related to the two-phase vibration modes of the stator, but which are not easy to measure, a sliding mode ob-
server(SMO) with parameter robustness is proposed to optimize the stator vibration modes. Firstly, the influences
of the two-phase vibration modes of the stator and the travelling wave to the control accuracy of TWUSMs are ana-
lyzed. Secondly, the SMO with vibration modes is established using the measurable current and voltage signals, and
then its stability and robustness are proved under the time-varying parameters. Finally, the proposed sliding mode
observer with vibration mode is verified through simulation and experiment. The results show that the SMO can ac-
curately estimate the two-phase vibration modes and has the parameters robustness. In addition, based on the obser-
vation results, the driving voltage is improved, and the stator vibration mode is optimized, thereby reducing output
torque ripple and improving motor control accuracy.

Key words: travelling-wave rotating ultrasonic motor; sliding mode observer; vibration mode; time-varying pa-
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Experimental Research on Water Cooling Closed-Loop Driven
Piezoelectric Pump

WEI Lingjiao,ZHAO Yanan, LIANG Jingtao
( Key Laboratory of Space Energy Conversion Technologies, Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences, Beijing 100190, China)

Abstract: A heat transfer system of water cooling closed-loop driven by the piezoelectric pump is designed in this
paper. The piezoelectric pump adopts a dual-chamber series structure, and the water flow of the pump reaches
330 mL/min at the driving voltage of 150 V. In order to quantitatively analyze the influence of the vapor phase on
the heat transfer performance of the water cooling closed-loop driven by the piezoelectric pump, an experimental in-
vestigation was carried out to study the influences of different filling ratio on the start-up and steady-state operating
characteristics of the piezoelectric pump driven closed-loop. The experimental results show that the piezoelectric
pump in the closed-loop can only be started at a fluid filling ratio of great than 0. 895. When the filling ratio is great
than 0. 930, the presence of a small amount of vapor phase has little influence on the operating performance of the
piezoelectric pump and the heat transfer system and the thermal resistance of the system is lower than 0.2 C/W.,

Key words: piezoelectric pump; filling ratio; two phase; heat dissipation of electronic device; water cooling loop
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Research Progress on Improving Delay Resolution of
Ultrasonic Phased Array System
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Abstract ; The flexible and controllable synthetic beams can be obtained and various phase control effects such as
dynamic focusing. deflection. and sound beam formation can be realized by performing phase delay control on each
array element in the ultrasonic array transducer based on theultrasonic phased array technology. The precision focu-
sing delay is the core of ultrasonic phased array dynamic focusing. It is necessary to control the phase delayaccurate-
ly whether in ultrasonic phased array transmission delay control or reception delay compensation. The article intro-

duces The development history and research status of the delay resolution of ultrasonic phased array system at home

and abroadis introduced, and the advantages and disadvantages of each methodare analyzed.
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Study on Ar* Etching of Crystal-Ion-Sliced Lithium Niobite
Single Crystal Thin Film

FANG Yuanping' ,LUO Wenbo' ,HAO Xin’ ,BAI Xiaoyuan' ,ZENG Huizong' ,SHUAI Yao' ,ZHANG Wanli'
(1. State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science and Technology of China,
Chengdu 610054, China;2. Chengdu Ultra Retina Photoelectric Technology Co. , Ltd. , Chengdu 611731, China)

Abstract: The lithium niobite (LNO) single crystal thin film prepared by high-energy ion implantation and strip-
ping has excellent electro-optical, acousto-optic properties, and is in urgent need in the fields of radio frequency de-
vices and optical waveguides. However, the high-energy ion implantation leads to the existence of a damage layer on
the surface of the LNO single crystal {ilm, which results in the degradation of film quality and device performance.
A method for removing damaged layer of LNO single crystal thin film by Ar" etching is proposed in this paper.
Based on the simulation of high-energy ion implantation, the influence of etching parameters on the etching rate and
surface morphology are analyzed by scanning electron microscope and atomic force microscope, and the etching pa-
rameters of the damaged layer of LNO film are determined. The X-ray diffraction analysis shows that the full-width
at half maximum height of the rocking curve of the LNO film with Ar™ etching is reduced to near that of the LNO
single crystal material before implantation. The results of the piezoelectric force microscopy tests show that the
LNO single crystal film after removing the damage layer has a more consistent piezoelectric response.

Key words: LNO single crystal film; surface damage layer; Ar" etching; crystal quality; piezoelectric perform-
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Effect of Intense Pulsed Gamma Radiationon Properties of Piezoelectric Ceramics

MAO Shiping''? ,YANG Jing"? ,ZHANG Zuwei''* ,CHEN Qinghua’,

WANG Dengpan'? ,ZHAO Defeng' ., FENG Bo’
(1. Chongqging Acoustic-Optic-Electronic Co. Ltd, China Electronics Technology Group, Chongging 401332, China;
2. The 26th Institute of China Electronics Technology Group Corporation, Chongging 400060, China;
3. Military Representative Office in Chongqing, Chongqing 400060, China;4. Yunnan Radio Co. Ltd. ,
Kunming 650223 ,China;5. Sichuan Vocational and Technical College of Communications,Chengdu 611130, China)
Abstract: The acceleration piezoelectric sensor is a commonly used vibration measurement device in reactor, and
its key component is piezoelectric ceramic material. In the environment of intense nuclear radiation, the neutrons and
gamma rays interact with the nuclei and electrons in the piezoelectric ceramics respectively, resulting in microscopic
damage. Such damage will change the molecular scale and mesoscopic scale, even macroscopic performance, inclu-
ding piezoelectric properties and apparent morphology information of materials, which will bring hidden trouble to
the service performance of devices. The effects of long-time and high-dose gamma ray irradiation on the properties of
piezoelectric ceramics have been studied, but the effects of short-time and high-dose gamma irradiation on the prop-
erties of piezoelectric ceramics has little study. In this paper, the piezoelectric ceramic materials were irradiated with
high-dose rate gamma on the radiation device, and then the piezoelectric properties and apparent morphology of the
materials before and after irradiation were tested. The influence of high-dose rate irradiation on the properties of pie-
zoelectric ceramics was analyzed through the test results.
Key words: piezoelectric ceramic materials; high dose rate gamma irradiation; piezoelectric property change; ap-

parent morphology
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Timber Axial Pressure Damage Monitoring Based on Piezoceramic Sensor

LIU Xiaoyu' ,RAO Yulong®,ZHANG Jicheng' ,XIAO Jiahao'
(1. School of Urban Construction, Yangtze University, Jingzhou 434023, China;
2. China Construction Eighth Engineering Division Rail Transit Construction Co. ,Ltd. , Nanjing 210046, China)
Abstract: Under the action of compressive load, the wooden structure will cause insufficient bearing capacity and
internal damage. However, there are few methods for non-destructive health monitoring of the wood structures. In
this paper, the feasibility of damage monitoring of timber under axial and local pressure was studied based on the pi-
ezoceramic sensor. The piezoelectric sensors were mounted on the surface of the timber, by using the active sensing
method of stress wave; one sensor was used as the signal transmitter and the other as the signal receiver; when the
timber structure was damaged, the detected stress wave decreased correspondingly. Based on the attenuation of the
stress wave, the wavelet packet energy method can be used to convert it into damage indicators to monitor structural

damage. The results show that the amplitude of the piezoelectric signal has a strong correlation with the degree of

Vol. 42 No. 5

wood damage, and the wood non-destructive monitoring method has good feasibility.

Key words: piezoelectric transducer; timber; axial pressure; local pressure; damage monitoring
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Analysis of Influence of Cantilever Beam Substrate on Output Response of

Piezoelectric Energy Harvester

WU Xinzhe, YAN Shouyang,GAO Zhiqiang.HAN Jing.JIAO Guotai
(School of Mechanical and Electrical Engineering, North University of China, Taiyuan 030051, China)

Abstract; The material and structure of the cantilever beam have an important influence on the output response
of piezoelectric energy harvester. In order to study the influences of different substrate materials on the contact pie-
zoelectric energy harvesters under the low wind speed of 1. 5~5. 8 m/s. In this paper, the flexible PVDF piezoelec-
tric cantilever beam structures with substrates of PVC, 304 stainless steel, 1060 aluminum and H68 brass are se-
lected for comparative experiments and analysis. The results show that the output power of the cantilever structure
based on 304 stainless steel substrate has the largest output power. Moreover, by calculating the structural parame-
ters of beams with different substrate materials, it is found that the structural stiffness and amplitude reduction fac-
tor are the main factors affecting the output performance of piezoelectric energy harvester under low wind speed con-
ditions. Under the same working conditions, when the structural stiffness of the beam is smaller, the starting wind
speed of the contact piezoelectric energy harvester is lower, and the exciting force frequency of wind-induced vibra-
tion is higher. The smaller the amplitude reduction factor, the greater the output power of the cantilever beam.

Key words: piezoelectric energy harvester; wind energy; cantilever beam structure; PVDF; substrate
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Fatigue Simulation Analysisand Experimental Study on Ring Piezoelectric Vibrator

TIAN Xiaochao' , WANG Haigang' , WANG Hu',WU Yue’, ZHANG Sida’ , YANG Zhigang’
(1. Institute of Mechanical and Vehicle Engineering. Changchun University,Changchun 130022, China;
2. College of Mechanical and Aerospace Engineering, Jilin University, Changchun 130025, China)

Abstract ; As the core component of piezoelectric drive mechanism, the working state and fatigue strength of pie-
zoelectric vibrator directly determine the working performance and service life of the system. In this paper, the AN-
SYS software is used to simulate the fatigue of the ring piezoelectric vibrator, and the cloud chart of vibration mode
and the maximum stress point are obtained. The influences of different structural parameters on the fatigue life of
piezoelectric vibrator are studied, and the data of bimorph and single crystal piezoelectric vibrators are compared.
The results show that the metal material 65Mn has the best anti fatigue performance. Reducing the diameter of the
vibrator or increasing the thickness of the vibrator can improve its fatigue life, while applying too high voltage am-
plitude will reduce the service life of the vibrator, and the fatigue life of the bimorph piezoelectric vibrator is longer
than that of the single crystal piezoelectric vibrator. The fatigue life experiment on the ring piezoelectric vibrator is
carried out. The results show that the selected batch of vibrator can fully meet the requirements of use.

Key words: piezoelectric vibrator; vibration; fatigue life; simulation analysis
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Piezoelectric Actuator and Its Application in Hydraulic Valve

HUA Shunming' ,ZHANG Yu’ ,PENG Yu’.LIU Lijun' ,XU Shaofeng'
(1. College of Mechanical and Energy Engineering, Ningbo Tech. University, Ningbo 315100, Chinaj;
2. Schoolof Mechanical Engineering, Zhejiang University, Hangzhou 310027, China;
3. Ningbo Bolev Hydraulics Co. L'TD, Ningbo 315502, China)

Abstract: The high speed on-off valve, servo valve and other piezoelectric hydraulic valves with piezoelectric ac-
tuator as the core have the advantages of high frequency response, good inching performance, and compact structure
and so on. They are one of the new valve control types, and have attracted the continuous attention of researchers at
home and abroad. First of all, the classification and characteristics of piezoelectric actuators for valves are intro-
duced. According to the working principle, they are divided intotwo categories of direct push and step-by-step, and
four types. Secondly. the research progress of four typical types of piezoelectric valves, namely pilot type, direct
drive type, nozzle flapper type and switch type, are summarized, and their representative structures and perform-
ance characteristics are analyzed. The results show that with the increasing demand for precision and intelligence of
hydraulic valve in the future, the application prospect of piezoelectric hydraulic valve is broader. Therefore, in addi-
tion to the development of high-performance dielectric materials, some key piezoelectric driving and control technolo-
gies such as micro displacement amplification and hysteresis compensation control are still worth exploring deeply.

Key words: piezoelectric ceramic; piezoelectric actuator; hydraulic valve; displacement amplification; hysteresis char-

acteristic
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Adaptive Mechanical Switching Circuit for Piezoelectric Energy Harvesting

HUANG Yao, QIN Gang, LIU Weiqun
(Mechanical Engineering College, Southwest Jiaotong University, Chengdu 610031, China)

Abstract ; The piezoelectric energy harvesting device relies on the energy extraction circuit, the energy extraction
efficiency of traditional standard circuit is not high, and the synchronous switch circuit can effectively improve the
energy extraction efficiency. In this paper, the use of viscous material as the moving electrode of adaptive mechanical
switch structure is proposed. It does not require additional electronic devices and can adapt to the displacement am-
plitude of the cantilever beam to harvest higher power. The sinusoidal excitation and noise excitation are used to an-
alyze the parameters of the viscous material. The results show that when the excitation is different, the parameter
selection of the viscous material is also different, which also proves the performance of the adaptive mechanical
switch.

Key words: energy extraction circuit; viscous material; adaptive mechanical switch; energy extraction efficiency;

parameter optimization
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Internal Mode Control of Piezoelectric Ceramic Actuator Based on H-like Model

SHANG Aipeng, WANG Zhenyan, HE Yidan
(School of Electronical and Information Engineering, Taiyuan University of Science and Technology, Taiyuan 030024 ,China)

Abstract;: Aiming at the problem that the rate-dependent characteristics of piezoelectric ceramic actuators seri-
ously reduce the control accuracy of the application side, the internal model control strategy based on the Hammer-
stein-like model is studied in this paper. The nonlinear part is represented by the least squares support vector ma-
chine model, and the dynamic linear part is represented by the autoregressive traversal model. On this basis, the in-
verse model of the system is constructed, and then the internal model controller is designed to realize the tracking
control of the piezoelectric ceramic actuator. Finally, it is verified by the experimental platform. The experimental
results show that the relative error of the expected signal within 100 Hz of real-time tracking is less than 10%,
which proves the effectiveness of the designed internal model control scheme.

Key words: piezoelectric ceramic actuator; hysteresis; Hammerstein-like model; least squares support vector

machine; internal model control
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Fatigue Analysis of Folded Piezoelectric Vibrator Based on
Displacement Load

ZHAQO Chunming.GONG Lijiao,ZHOU Tianshuo,ZHANG Xin,ZHANG Pengfei
(School of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China)

Abstract; Under displacement load, in order to predict the fatigue life of the folding piezoelectric vibrator due to
the thickness of the bonding layer, a theoretical analysis of the bonding layer was carried out and a finite element
model of the folding piezoelectric vibrator was established. The sinusoidal displacement loads are applied under three
different working modes of 85.5 Hz, 105.8 Hz and 153. 2 Hz, and the static analysis of the model was performed.
The analysis results were transmitted to the nCode DesignlLife software for fatigue analysis. The results show that
when the thickness of the adhesive layer was 0. 07 mm, the stress values of the elastic layer and the piezoelectric
layer were the minimum. From the analysis of fatigue life, the structural damage was concentrated in the piezoelec-
tric ceramic layer. At 105. 8 Hz, the fatigue life of the piezoelectric layer was 5. 317 X 10", at 85. 5 Hz and
153. 2 Hz, the fatigue life of the piezoelectric layer is 8. 82 X 10° and 1. 624 X 10° respectively. Therefore, in the
practical application of folded piezoelectric vibrators, it is necessary to comprehensively consider the thickness of the
bonding layer, the displacement load and the fatigue life of the piezoelectric ceramics in order to achieve the maxi-
mum power output.

Key words: piezoelectric vibrator; finite element; adhesive layer thickness; fatigue analysis; sinusoidal displace-

ment
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Study on Device and Method of Stabilizing Growth Interface of
Czochralski Method

ZHOU Yimin' ,HE Ye' ,CEN Wei' ,CHEN Chuangui' ,DENG Jiangtao®
(1. The 26th Institute of China Electronics Technology Group Corporation, Chongging 400060, China;
2. Emicore Co. Ltd, Zhuhai 519040, China)

Abstract ; In order to solve the problem of unstable interface in the conventional Czochralskysingle crystal growth
interface, on the basis of the conventional automatic control theory of the single crystal equal diameter, through raw
material supplement device, the crystal raw materials equal to the crystal grow amount being added constantly into
the crucible to stable the height of crystal growth liquid surface. Then, the real-time diameter change of the crystal
is measured by the optical amplifier and charge coupled device (CCD) imaging device, and the crystal rotation speed
is adjusted by this rate of change, and finally the crystal growth interface is always maintained in a relatively stable
ideal state to ensure that the crystal shape conforms to the setting requirements and the internal quality in the cruci-
ble stable crystal growth on the surface of the liquid height is not changed, and then through the optical amplifier
and CCD imaging device measuring crystal diameter variation in real time. in order to adjust the crystal rotation
rate, eventually make crystal growth interface is always maintained in a relatively stable state of ideal, ensure crystal
conform to the requirements of the set and the internal quality of excellent shape.

Key words: Czochralski(CZ) method;growth interface; single crystal furnace; crystal growth; automatic control
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Analysis of Effect of Installation Error on Alignment Accuracy of
Single-Axial Rotation

LIU Xin',JIA Jichao'.LI Kun',ZHAO Ruixing’ ,DONG Shubing'
(1. 16™ Institute, China Aerospace Science and Technology Corporation, Xi’an 710100, China;

2. Third Military Representative Officeof Rocket Force Equipment Department in Xi’an Area, Xi’an 710100, China)

Abstract; Aiming at the problem of initial alignment of the laser gyroscope single-axial rotation inertial naviga-
tion system, the error parameters of the inertial device affecting the alignment accuracy are analyzed, the effect of
gyroscope installation error on the alignment accuracy and accelerometer bias estimation is analyzed and the simula-
tion is carried out. The simulation result indicates that the gyroscope installation error can bring alignment error and
accelerometer bias error. The alignment accuracy can be improved through calibrating accurately the gyroscope in-
stallation error angles.

Key words: strapdown inertial navigation system (SINS); multi-position alignment; single-axial rotation; Kal-

man filter;misalignment angle; installation error
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Research on Navigation and Localization Algorithm Based on
IMU/Vision Fusion

DONG Bolin, CHAI Xu
(School of Mechanical Engineering, Hefei University of Technology,Hefei 230009, China)

Abstract: Aiming at the problem that the image blurring and feature loss during fast motion or rotation of the
mobile robots with visual sensors occur so that the feature matching fails resulting in the decrease of accuracy and
precision of system localiztion and mapping, a schemefusing the depth camera(RGB_D) with inertial measurement u-
nit(IMU) is proposed in this paper, in which the ORB SLAM2 algorithm is used to estimate the pose, and the IMU
information is used as a constraint to compensate for the lack of camera data. The measurement data of the two sen-
sors are nonlinearly optimized by the loose coupling method based on extended Kalman filter. The experimental re-
sults of data set show that the method can effectively improve the positioning accuracy and system mapping effect of
the robot.

Key words: simultaneous localization and mapping; RGB_Dj; inertial measurement unit; ORB feature; extended
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Design and Simulation of Piezoelectric Energy Harvesting Circuit
Based on Coupled Inductance

ZHOU Tianshuo, GONG Lijiao,ZHAQO Chunming, YANG Jianxin
(School of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832000, China)

Abstract: The environmental vibration energy collection technology of piezoelectric materials has the characteris-
tics of large energy density, no electromagnetic interference, and easy collection. In this paper, a self-powered pie-
zoelectric vibration energy acquisition circuit is proposed, that is, a synchronous charge extraction and voltage rever-
sal circuit based on coupled inductance (SCET&.VID), standard energy harvesting (SEH) circuit based on electronic
simulation software L Tspice, and synchronous charge extraction (SECE) circuit were analyzed and compared by
using LTspice. The results show that under the same vibration excitation condition, the output power of
SCETR&.VII interface circuit under load is 2. 65 times that of SEH and 1. 76 times that of SECE, and the power out-
put is not affected by the load. At the same time, the energy self-sufficiency of switching action in energy collection
is realized.

Key words: piezoelectric cantilever beam;vibration energy harvesting; synchronous charge extraction;voltage in-

version;circuit simulation
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