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Abstract
In this paper, BNT (sodium bismuth titanate) lead-free piezoelectric ceramic material is used to
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design an ultrasonic scalpel transducer for surgery. The finite element software is used to conduct
modal simulation and harmonic response analysis for PZT (lead zirconate titanate) ultrasonic
transducers and lead-free piezoelectric ceramic transducers, and the optimal resonant frequency
and various modes of the ultrasonic transducer during operation are obtained. The optimal am-
plitude is obtained and compared. The design of a lead-free piezoelectric ceramic ultrasonic knife
transducer was carried out, and the optimal resonant frequency and maximum displacement am-
plitude of the ultrasonic transducer during operation were obtained by comparing it with the si-
mulation analysis of a lead-free ultrasonic knife. At the same time, the processing technology and
microstructure of lead-free piezoelectric ceramics were observed, and the lead-free piezoelectric
ceramic transducer was assembled and the effect of assembly preload on resonant frequency was
tested. The performance of two piezoelectric ceramic material transducers was tested, providing
further development and optimization space for the application of lead-free piezoelectric ceramic
ultrasonic knives.
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MBI FARY T E T HREER ), FENHTUIEIHSR M A58, EAAERRL BERIE.
Dige 2, ICRAEERMRBAE UiE/NE0IT R A, IF HAETARBEI RS AR E N, S
T C G ORI A E T RGOS [1] o B8 7 TR T H T A 3l AR (R B R N e s e 2 L Ak
P A L RIVE R Ay B A 23 [2] . A TR JIVIFILZY, A i e B A 1) e AR s A A3 2L 24 2
W2 5 o A RE TR, EE ] S AL 2R D) R3] 8 7 T A i B R FH 75 U R AR AR S I A S A
Bk A5 T B, T R RS R ARV 5 5 e e m S LRAS 5 77 AR s S LRIR 3, 2R )5 220 AR R
FRHIVE FHAEARIE R, 5 J5 AU UIR 4% 32 B3 A W AT (88 75 08053, s mdd /e F T AR M 20 41
DA S E0 A 2T B RN I/ 1k if R T g [4] [5].

N TR IR AT RF AL R J, ARk, B NS AR T AN I R R AU T TR E M IO
WA TiEZEARRE, Hrb BaTiOs (BT). Bi0.5Na0.5TiO; (BNT). (K, Na) NbO; (KNN)JE T4 & L %45
B2 K. BT BNT A2 KNN S8 T0H R AR & A HRE A, X RPRA 5 AN Bl 58 4 At S
BB RE . Bk, 2R 0aH B RMA 2RI A7 e AR TG HT s M B R R 5 N ) 2 B s . BTG
T IO F P ) S I SR 2 B (e R H R A . TEIRAS . R TIA, WS 3RAE T HI[6].

SEERBL A, ERLA TR, R TR T RE R AR AR, I s A TR
BARZ LI B FAR PR SR 5 NSRS, (EAFTE R E R A . R JE B A a6
M[7]. HAEGEAFARIIFERHEO N, FFEME, WIEES, VIEEINE8]. XLy H T,
FETINPRAEAEA R, Rl 7R AR AL

A FL P 5 T St R A N R e B N K e T T AR SR R, RS TR T M BE AR
IS IS o 8 5 s M A 46 mT DU T30 e W KON S BIGER PR 4R 15 5 R oA UAR ) [9] T L 5 R
A T LT PR ) A A AR R . B R RE R DA /N B AR, V2 R T K A R R T A
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Figure 1. Structural drawing of ultrasonic transducer
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Figure 2. Schematic diagram of longitudinal vibration of variable cross-section transduce
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Figure 3. Three-dimensional dimensions of ultrasonic transducers
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Figure 4. Simplified assembly mode
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3.1 ZEMHEHRIETHE

FEBEAT O ELHT, T A e Re 2 M R S B e, O TGRS TR B I ACR, RS A S
FHCKH 304 ANEEAN, ASMEAT AN G o 55 B A — AR, B HPUR IS E AR, RA 7076 #5564,
JE HL PR A BNT JC4 T H PR A R A PZT-8 s B A L3R AT 405 BT EL o DAy G e e 35 7= LE G IR 3
R RENA A LA, R R BLAR RN T I 2 2 — PR ik ik [12], B A A v P R [ R A A«
HME 16 mm, AR 6 mm, JERE 2.5 mm, B[ SCERAS B RE AT PO SCRHIES B 1 PR .

Table 1. Material parameters

=1L MRS

A R 251 (kg/m®) F A5 (GPa) TARALL
TR A 304 AR 7930 193 0.29
J m R 304 NN 7930 193 0.29
JERENCR BNT 4620 / 0.32
JE HL % 2 PZT-8 7600 / 0.30
AR AT 7076 Fi &4 2810 71 0.34
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Figure 5. Ultrasonic transducer grid division diagram
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Figure 6. Modal analysis results of PZT transducer
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Figure 7. Modal analysis results of BNT transducer
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Figure 8. Displacement frequency response curve of transducer

8. HRBERRIIAZ MR MR Lk

IRYE R RERR AL AL IR M ML TR, fE U =5V HKN, PZT HBESHEIE IR N 54.6 kHz 153
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Figure 9. Process flow of lead-free piezoelectric ceramic processing
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Figure 10. SEM images of the surface and cross-section of lead-free piezoelectric ceramicsg
10. ZtAERERBDFAESE SEM B

5. EBATJ)ERSHEERSCE

R PA_EBASBHANA BRIT 07 o M e i P e85 PR A o IS B b AT 41, i 11 P
FJe Fok i i e g [, FHFIAE IR Py XC-220) % 75 4 i S e Tk vy o P 21 Tk gy o)
PR IR R EVEAR R L, HAE I A P = T EOE PRI ARG A, MR 8 7 35
HE L A A% Fa AT R BE 2% B IR U™ A5 A R ST, DRI, B DR A1) 32 O R E 85 A T3 2 AR BC TR AT 1 ok
prii A NN i R Y G U | T

DOI: 10.12677/m0s.2023.123288 3135 A ()


https://doi.org/10.12677/mos.2023.123288

Figure 11. Physical diagram and component diagram of transducer assembly
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Figure 12. The influence of assembly preload on resonance frequency and impedance
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Figure 13. Frequency impedance curves of different piezoelectric ceramic transducers
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