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Fig. 1. Application scenarios of high-temperature vibration sensors.
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Fig. 2. Typical system model of piezoelectric vibration

Sensors.
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Fig. 3. Piezoelectric vibration sensor system: (a) Circuit
diagram; (b) equivalent circuit diagram.
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Fig. 4. (a) Schematic representation of the structure of ABO4 perovskitel*’; (b) schematic representation of the structure of tung-

sten bronze along the c-axis”); (c) schematic representation of bismuth layered structural oxides/*").
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Fig. 5. The relationship between piezoelectric constant ds3

and Curie temperature 7T of the piezoelectric ceramics.
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Fig. 6. (a) Plot of single crystal piezoelectric constant dsy versus Curie temperature/phase transition temperature/melting point T, [1%;

(b) maximum operating temperature range of different piezoelectric materials™l; (c), (d) variation of electrical resistivity of high-

temperature piezoelectric crystals as a function of temperature('7-1%]
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Fig. 7. Three basic structures of piezoelectric vibration

sensors: (a) Bending mode; (b) compression mode; (c) shear

mode.
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Table 1.  Advantages and disadvantages of different construction types of accelerometers.
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Fig. 8. Basic configurations of bending mode piezoelectric vibration sensorsP: (a) Cantilever beam; (b) two cantilever beams;

(¢c) two-symmetric-beam suspension; (d) four-symmetric-beam suspension.

027702-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 2 (2025) 027702

JEMNORG . Shi %5 127 VR T —Fh dyy A0 DU
R B AR SOk MEMS R HE sl 3, A4k gs
SEFINIE 9(b) B, AARHESRSLIE, HhO AR Bk
T VUAREE FA KR (14 Ik T G, 2 M0 SR () HL R
RIPEAE 1152 Hz B 35%)] 13.8 mV /g, BAT R 4T
2R P Ry 5 R AP T HLEE . Xu 45 02 B T —
FPILT PZT WEMEEY das B85 30 K HL AR Bl 15 AR, 1%
e A R R L S A A Ak ) 598 7 T T 2 K
SR (K 9(c)), AT dyy PRI w1 sk B3t
(1% R AR RN 0R, B AR S, & 9(d)
JE R T 38 A O T3R8 45 59 LGS il GaPO, &
HLPR DL IR, Le Traon 45 2] /47 T %A% I8 2
A SRR S RS T 46 2% 106 T F et by | S
L5 RRI LGS iR i A PR, 1 GaPO,
PR HA m R, N E R Li 4R 190
P T R T R U AR SRR ZnO 5
PR SNL RS, & oW U IR T e A2 A A i 2 e
I 25 A0 1 m A 2L, AN TR 9(e) P 7R, iX R K R
ZnO FER IS5 10 7 S o B L B A R TR 2 A
(1 1.5 %5, HLAEER IR 20T ASRAS 3 A5
A 1 S A A U SR T R e R A R
JE R LR IR T 4.5 %, Han %5 1810 A2
T — b TR VR R AN S R 2R Y =l
W, LA TR 4 DI T AR
AR R AR IR RS L 4 > L A 2 | R AR

TR 4L (B 9(f)). Bl 2 AT i G Ik
RTINS y Sl IR, FRAE P
P 22 20t 2R I 2 b ke

4.2 [EHERK

JE i 455 PR s A% AR A 48 A8 A& 10 T 7 (192
HR A o H R HE R B3 AN ], B 432 o
FE 4= E R e dn XA, TR R IR AR, 4
Fhy a7 B, U i AR 2R, B X e 400 X He He g
MBI RIE A 2. Wang %5 33 il /E T —Fh LT
Ho #8441 CNGS @&k dy, B0 R 462K
JE LR SIEIEER, Z5HIE 11(a) PR, B
REEL R 0.722 pC /g, Wi TAEREE TR 600 °C,
R R GE IR WZE/NT 5.2%, BEMS IR E
fen il A% W . Chen 45 34 48 HH R H AIN @A AE
Sy F E TG A A T e i AR IR, B 11(b) AR T
AIN & RS RS SR BRI YE, B
BT He vl B B I s A% s 1 e TR R U AR
P, TR B BEAS A A3 AR 4 119 S8 A8 RN g 1y e 1
Zhang 55 ' Bt IFHIME T—Fh7S B B EE R4 =0
AL, TR AL an &l 11(c) iR,
T RS [ RN R T R U 2 S8
SRR | AT A BRI B AT SR RLIN R 5
55, S E 1 4R ) 2 SRR RLR T AT
it — GRS F R R RN B T

K9 B R RIRSMEIES  (a) LGS MR- —Rln i B2 S R B 120 (b) DB AR I AR PR ISOR G5 F A S i 127
(c) dgy B2 VU BT 3 P L 4R 20 %0 S 08 1 — A 55 M A0 G 0 38 A5 AU 1T 129, (d) LGS(Z8) Fl GaP O (47 ) B b A s 92y 1] 1290,
(e) XU U BUHE FE Bt Jon g 38 1 BB AT 100, (F) =Bl Jom 32 38 - 95 4 7 T AT 091

Fig. 9. Bending mode piezoelectric vibration sensors: (a) LGS temperature-triaxial accelerometer’?’); (b) four-suspended-beam integ-

rated center vibration microsphere structure sensor!'?”; (c) three-dimensional structure of the dyz-mode four-cantilever-beam piezo-

electric vibration sensor and laser-scanning confocal microscope diagraml'?l; (d) LGS (left) and GaPO, (right) monocrystalline

sensors!'?); (e) double U-slot-type piezoelectric accelerometer('%); (f) triaxial accelerometer!!!l.
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Fig. 10. Basic configuration of compressed mode piezoelectric vibration sensors!'?: (a) Central compressed type; (b) inverted com-

pressed type.
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Fig. 11. Compression mode piezoelectric vibration sensors: (a) CNGS central compression sensor(!¥; (b) AIN high-temperature

piezoelectric vibration sensor!’; (c) simplified model and prototype of the six-degree-of-freedom compression acceleration sensor!!3);

(d) physical and internal structure diagram of high-temperature compression piezoelectric vibration sensor!!3.
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Fig. 12. Basic configuration of shear mode piezoelectric vibration sensors!’®”: (a) Annular shear mode; (b) planar shear mode;

(¢) triangular shear mode.
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Fig. 13. Shear mode piezoelectric vibration sensors: (a) Eccentric shear piezoelectric accelerometer!'”); (b) symmetric shear piezoelec-
tric accelerometer('¥); (c) CTGS planar shear high-temperature accelerometer!'*); (d) triangular shear piezoelectric vibration sensor!'!];
(e) planar and triangular shear accelerometers!'®); (f) ring shear piezoelectric vibration sensor('*?; (g) physical drawings of UHT-12™
Crystal 357D90 shear type high-temperature accelerometer (left) and EX611A20 differential shear type high-temperature accelero-

meter (right)!4l.
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Fig. 14. Experimental test platform for calibration of

sensors at room temperature/'4!,
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Fig. 15. Experimental setup diagram for high-temperature testing of sensors: (a) Vibration comparison method calibration devicel®”;

(b) absolute method calibration devicel*4.
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Fig. 16. High-temperature cantilever beam accelerometer: (a) Top view of accelerometer!*7; (b) cutaway view of accelerometer!

147).
)

(c) front view of crossbeam stop component!'*”; (d) cutaway view of cushioning component installed on the base frame of the cross-

beam stop component('*”); (e) rear view of the crossbeam stop component!"”l; (f) mass block with inserted crossbeam channel(™*7).
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Fig. 17. (a) Operating principle diagram of temperature-compensated cantilever beam accelerometer!!*sl; (b) transverse cross-section

of cantilever beam accelerometer with rectangular mass block!"*¥; (c) longitudinal cross-section of cantilever beam accelerometer

with rectangular mass block['*¥]; (d) transverse cross-section of cantilever beam accelerometer with cylindrical mass block[™*¥); (e) lon-

gitudinal cross-section of cantilever beam accelerometer with cylindrical mass block!*; (f) transverse cross-section of cantilever

148)

beam accelerometer with square mass block!"*¥; (g) longitudinal section of cantilever beam accelerometer with square mass blockl4S,
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Fig. 18. B-LN low-frequency vibration sensor performance test: (a) Schematic diagram of transducer structure (top), physical draw-

ing of the transducer (bottom left), as well as the sensor installed on the exciter (bottom right)*%; (b) voltages generated by trans-

ducer under sinusoidal vibration excitation with different displacement amplitudes!; (c) frequency response of the transducer!!%)
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Fig. 19. Compression mode high-temperature vibration sensor performance test: (a) Schematic of sensor structure'”’; (b) the sensit-

ivity of sensors made of different piezoelectric materials varies with temperaturel'™; (c) sensitivity reliability test of BFBT25-Mn

sensor under long-term operation at different temperatures!'5.
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Fig. 20. High temperature stability test of KI100 compression accelerometer: (a) Physical image of accelerometer!!”!l; (b) the sensit-

ivity of accelerometers changes with temperature after different aging stages!'”!); (c) variation of insulation resistance with temperat-

ure after different ageing stages of the accelerometer!5,
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Fig. 21. BTS compression piezoelectric vibration sensor performance test: (a) Unfolded view of the sensor component!'”?; (b) physical

image of sensor(’"?; (c) temperature stability of the sensor sensitivity at different preload torques!['”?; (d) reliability test of the sensor
sensitivity for long-term operation at 500 °C 152,
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Fig. 22. Performance test of BTS high-temperature vibration acceleration sensor with inverted assembly: (a) Assembly schematic of

the sensor!!™; (b) temperature response of the sensor(!?; (c) operation of the sensor at elevated temperatures (600 °C and 650 °C )53,
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Fig. 23. BTS piezoelectric vibration sensor performance test: (a) Structure model of the sensor('; (b) variation of sensor charge
with acceleration['; (c) variation of sensor sensitivity with temperature at different frequencies!'™; (d) relationship between sensor
sensitivity and duration of continuous operation at 600 °C and 650 °C 154,
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Fig. 24. Monolithic compression mode accelerometer performance test: (a) Schematic of the accelerometer components!'”); (b) vari-
ation of accelerometer sensitivity with frequency and temperature!'™; (c) sensitivity versus duration of continuous operation at 900 C
for different frequencies!!5.
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Fig. 25. Compression mode high-temperature piezoelectric vibration sensors: (a) Schematic of the overall structure of high-temperat-
ure vibration sensor with nut fastening part!’"%; (b) cutaway view of high-temperature vibration sensor with nut fastening part!!>%;
(c) cutaway view of high-temperature 450 °C piezoelectric accelerometer'”; (d) structure of high-temperature and high-pressure-res-
istant differential piezoelectric acceleration sensor!'™; (e) internal enlarged schematic diagram of differential piezoelectric accelero-
meter resistant to high temperature and high pressurel'™s); (f) high-temperature piezoelectric accelerometer with temperature com-

pensation!!5.
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Fig. 26. Charge-shear piezoelectric accelerometer performance test: (a) Structure of charge-shear piezoelectric accelerometers!!%%);
(b) temperature dependence of the sensitivity of charge-shear piezoelectric accelerometers with and without compensating capaci-

tive elements!'®); (c) frequency dependence of charge-shear piezoelectric accelerometers!'6.
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Fig. 27. Near-constant preload piezoelectric acceleration sensor at full temperature: (a) Schematic of sensor('!; (b) schematic of

sensor cross-section!'d!; (c) schematic of sensor bolt preload as a function of temperaturel'!l.
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Fig. 28. Transverse vibration shear mode accelerometer performance test: (a) Sensor structure model and physical diagram!!6%;
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Fig. 29. Shear type YCOB high-temperature vibration sensor performance test: (a) Physical image of the sensor after high-temper-

ature operation!'®l; (b) sensor sensitivity varies with temperature at different frequencies!'%; (c) average sensitivity of sensor tested
at 1250 °C for 10 h and the room temperature sensitivity of sensor before and after high-temperature testing (attached figure)!'%.
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Fig. 30. AIN shear mode high-temperature accelerometer: (a) Physical (left) and modeled (right) diagrams of accelerometer!!%4;
(b) frequency response of accelerometer at different temperatures!'®); (c) sensitivity response of accelerometer at different temperat-
ures and frequencies!'™; (d) sensitivity changes of accelerometer under long-term high temperature conditions!'®; (e) sensitivity of
accelerometer after irradiation at 11.2 kGy (1 Gy = 1 J/kg)!'04.
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Fig. 31. High-temperature AIN multi-axis accelerometer performance test: (a) Physical (left) and modeled (right) diagrams of accel-
erometer!!; (b) frequency response of multi-axis accelerometer to 1 g acceleration in the x-direction'”; (c) performance of multi-

axis accelerometer under 1 g acceleration on each axis/'6,

(14 SR B RUATUR IR N, BEFE 538 C MR T
M. W DX I7E T 18] 32(b) A& g A O A G 21 411
EORR Y FL TR B R, /] 32(c) [ IRAR
A R A AR IR BT, X MBS T R
PR TR AR BI04 2 4 ], AU T, i L
JEEAE R BRI, REA R B 11 S L R B A i ik
JRVCHE 7 £E [ 1% 7. Denis 45 068 2 J& 3| T 42 44
FE FBA AL L2 Tl A 2 2 A TR R A,
BHSR G, R PR O , AR IR ER SR, ok o
DOFPIE I & A:, AR 42 R ARAE — e T AL IR T
FEVFRY B B R T A SRR Y
TR LI B, A 32(d) A 32(e), A4
e S vp N e IR o e S R e R TN ]
1L SIS IR TR T 45 R BB AE K AL B TR A7
i, il By DI RSB AR REA S TAET 566 C
IR, B 32(f) AR I e — i 0 B D] 20/
IR IRBNRIERAS, 70 R TR B T P
BT, SRR R BT V)R S
T AL AR BT = IR v R BE, T AL IR AR
N, R, TR R AE 3R E] 650 C 09,

P 20T AR R BB A v T FL o i A R
A PEREIE O, -1 59 V) =A% B YT I

R B2 3. TR B & AR PZT, BF-BT 481 T
FEHLPERE | e BLIR ISR, 1A SURTT R
FETE I R AR, B RIS AT IR . CNGS,
CTGS, BTS, AIN Il YCOB % H ¥ fh il TAE =
U T PERE R4 ELAS e )2 I T e T R
52 YCOB il inid B2, RIETE#E 1000 °C
7 e Ui PR T UL R R B 1 e B AR RN AT SE PR RE.
H AT N ANV 22 A 7 v Tt H 0 3 32 A% St
A7 /A 4345 PCB Piezotronics, Endevco Cor-
poration, B&K, Vibro-Meter, Kistler USA, Dy-
tran Instruments, J&[ 1J9/R . b2 A =
LR A A A A 5 S BFSE T AR BT AT
A7 B IR RS T PR RE AR E , ik R T
HMEAT IR A 1 i far i S, il AR A A
L i TS A g [ ) A 4 L A B 45 i S A R
a0 AR S R B Horb, 36 [ RN MY — 28 2%
R AR T S B g ) v TR R S A kA
i FEALT 260 °C, 482 °C, 538 C, 649 C, 760 C
SEANTR) 2240, dE T IR EE IR S T 815 C. ik
= [ P e iR IR AR A T el TR AP, 5 ]
SRR 2500, IR R0 A FRE AR
T I HL PR S Al

027702-24


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 2 (2025) 027702

(a) (b) (c)

24
20
"AmplifierH Recorder
22
15 CONNS

17 J - - \

10 8 9

32 BRI IRR RS EAE  (a) FRIE BT YIS IEPE w5 i 9% 3l 42 18 A B 45 4 7 T8 1 0001, () SR 1 £ Ui 89 U1 s il T
PRI B T 5 A 7R R P 71 () A8 TR L AP 0 70 T L 0 R A % T R 07 () AR A R T N T R AR S A R
TR O, (o) i B BT A e L P 2 B2 T PR AL P 88T, (£)650 °C /N8 g i I 51 47 s 205 4 7 T ] 1169

Fig. 32. Shear mode high-temperature piezoelectric vibration sensors: (a) Ring shear IEPE high-temperature vibration sensor(!%l

(b) lithium niobate bilateral shear high-temperature piezoelectric accelerometer'7); (c) lithium niobate unilateral shear high-temper-
ature piezoelectric accelerometer 167; (d) schematic of the overall structure of high-temperature piezoelectric accelerometer with sil-
ver window!'®l; (e) cutaway view of high-temperature piezoelectric accelerometer with silver window!!%; (f) structure of a 650 C

compact high-temperature vibration sensor!'6%,
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Table 2. Performance comparison of high-temperature piezoelectric accelerometers.

FEHLR R T 4 e AR / °C RHE/(pC-g™) UL / Hz SR
PbZry 51 Tig 4903 S BT IR 300 42 1—8000 [160]
LGT ALl 350 3.82 100—2000 [162]
BFBT25-Mn JE4R 450 49 200—1000 [150]
CNGS FE4i= 600 0.722 60—2000 [133]
CTGS ALl 600 2.56 100—2000 [140]
BTS B 4 =X 600 ~12.5 — [153]
UHT-12™ Frigi oI 649 10 — [143]
BTS JE#E=X 650 2.62 120—3000 [154]
YCOB JEAR 900 ~2.4 100—600 [155]
AIN RATIAIE 1000 9.2 40—600 [164]
YCOB RAINIE 1000 ~5.9 1—335 [35]
YCOB RRUEIPIE 1250 ~1.26 1—320 [163]
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Abstract

Vibration sensor technology, especially piezoelectric vibration sensor, has been widely applied in various
fields. This type of sensor has excellent dynamic response, linearity, wide bandwidth, high sensitivity, large
temperature range, simple structure, and stable performance, so it can be applied in many cases such as nuclear
power, aerospace, rail transportation, and defense industries. However, most of piezoelectric vibration sensors
are limited to operating temperatures below 500 °C, which restricts their applications in extreme high-
temperature environments encountered in nuclear reactors, aircraft engines, missile systems, and internal
combustion engines. How to improve the operating temperature of piezoelectric vibration sensors to meet their
application requirements in extreme environments is an urgent problem that needs to be solved.

High-temperature piezoelectric materials, as the core components of piezoelectric vibration sensors, play a
decisive role in determining the overall performance of the sensor. Common high-temperature piezoelectric
materials include piezoelectric ceramics and single crystals. To ensure stable operation and excellent sensitivity
in extreme environments, it is essential to select piezoelectric materials with high Curie temperature, high
piezoelectric coefficient, high resistivity, and low dielectric loss as the sensing elements of the sensor. There are
usually three main types of piezoelectric vibration sensors: bending, compression, and shear. In addition to
selecting the suitable piezoelectric material, it is also crucial to choose the optimal sensor structure suitable to
the specific application scenarios.

In view of the urgent demand for ultrahigh-temperature vibration sensors, this paper mainly reviews the
current research progress of high-temperature piezoelectric materials and high-temperature piezoelectric
vibration sensors, summarizes the structures, advantages and disadvantages, and application scenarios of
different types of high-temperature piezoelectric vibration sensors, explores the current problems and future
development trends of high-temperature piezoelectric vibration sensors, and provides ideas for developing the
next-generation ultrahigh temperature vibration sensors for extreme environmental applications, which is

expected to promote the further development of high-temperature piezoelectric vibration sensing technology.

Keywords: vibration sensors, high-temperature piezoelectric materials, vibration modes, vibration calibration

devices

PACS: 77.55.-g, 77.65.Dq, 77.84.-s, 77.84.Cg DOI: 10.7498 /aps.74.20240906
CSTR: 32037.14.aps.74.20240906

* Project supported by the National Key Research and Developemnt Program of China (Grant No. 2022YFB3204000).
1 Corresponding author. E-mail: giheustb@ustb.edu.cn

1 Corresponding author. E-mail: junchen@ustb.edu.cn

027702-30


http://doi.org/10.7498/aps.74.20240906
https://cstr.cn/32037.14.aps.74.20240906
mailto:qiheustb@ustb.edu.cn
mailto:qiheustb@ustb.edu.cn
mailto:junchen@ustb.edu.cn
mailto:junchen@ustb.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

LR IR B2 A S LR AT SR R
®EG A RF OREER KX X BRR

Research progress of high—temperature piezoelectric vibration sensors and piezoelectric materials

YU Huifen  QlIHe  TU Xiaoniu  ZHANG Haibo CHEN Dali WU Jie  CHEN Jun

515 &, Citation: Acta Physica Sinica, 74, 027702 (2025) DOI: 10.7498/aps.74.20240906
TEZE[7]1E View online: https:/doi.org/10.7498/aps.74.20240906
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

ot Xof 5y I o v PR Sh A TR IR S A RE A 24
Analysis of vibration correction performance of vibration sensor for absolute gravity measurement

WAL 2022, 71(4): 049101  https://doi.org/10.7498/aps.71.20211686

T i U P S 1 T L AR R F XU B A 2
A flexible piezoelectric/pyroelectric dual-function sensor with high temperature resistance

YIF£4. 2024, 73(20): 206801  https://doi.org/10.7498/aps.73.20241006

T HAL B B A vy o it PR 3 -5 Rl o

Study of radial bending vibration and excitation of piezoelectric rings

WyFEEEAR. 2024, 73(19): 194301 https:/doi.ore/10.7498/aps.73.20240887

ST 22U A AR T Y ST A 1) IR Sl 7 e
A new broadband radial vibration ultrasonic transducer based on 2-2 piezoelectric composite material

PyFEEEAR. 2021, 70(1): 017701 https:/doi.org/10.7498/aps.70.20201352

A SRR S AL R I ST
Research progress of electromechanical graphene resonant sensors

YrH2Ed. 2022, 71(12): 126801  https://doi.org/10.7498/aps.71.20220215

VKA SR SIS
Investigation of hydrogen bond vibrations of ice

YrH2E4R. 2021, 70(14): 146301  https:/doi.org/10.7498/aps.70.20210013


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20240906
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20211686
https://doi.org/10.7498/aps.73.20241006
https://doi.org/10.7498/aps.73.20240887
https://doi.org/10.7498/aps.70.20201352
https://doi.org/10.7498/aps.71.20220215
https://doi.org/10.7498/aps.70.20210013

	1 引　言
	2 压电振动传感器的工作原理
	3 高温压电材料
	3.1 高温压电陶瓷
	3.2 高温压电单晶

	4 压电振动传感器模式
	4.1 弯曲模式
	4.2 压缩模式
	4.3 剪切模式

	5 振动传感器校准装置
	6 高温压电传感器研究进展
	6.1 弯曲式压电振动传感器
	6.2 压缩式压电振动传感器
	6.3 剪切式压电振动传感器

	7 总结与展望
	参考文献

