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A study of push-pull excitation transducer for ultrasonic scalpel
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2. School of Mechatronical Engineering, Changchun University of Science and Technology, Changchun 130022, Jilin, China)

Abstract: This paper designed a new type of push-pull excitation transducer for the need of ultrasonic surgical knife.
Based on the classical structure of the sandwich typed single piezoelectric ceramic stack ultrasonic transducer, the way
of meantime exciting two piezoelectric ceramic stacks in inverse phases is adopted to replace the original way of excit-
ing only one piezoelectric ceramic stack. By using the finite element method, the modal analysis and harmonic re-
sponse analysis of the push-pull excitation transducer has been done in this paper. Under the same voltage excitation,
compared to the single stack transducer, the push-pull excitation transducer can obtain higher frequency bandwidth and
electromechanical coupling coefficient, and so improve the electroacoustic conversion efficiency of the transducer. Ac-
cording to the results of simulation to process the push-pull excitation transducer, good dynamic and electrical charac-

teristics of the transducer, which meet the design requirements, are achieved.
Key words: push-pull excitation transducer; finite element; harmonic response analysis
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Fig.1 Structure diagram of single excitation transducer

R b P HE B A 1) I FE R T O
P, AE R PR e R TR FE L IR T AR
NS LR PRI A P R R, A BT R
AHERR T HLREAY, QI 2 BRI R AR
ATy E AR, SR K R D A B
I, A I PR B SOAR Al A4 RN HESR )

g
AL WBRES S
i e ik

B2 HES SR AE 4% L AR A
Fig.2 Geometric model of the push-pull driving transducer
FHE-A90 Yl 45 e 4 Y AL R R o HE R R A
J7lal g 3 fros,  faHE a e EEAL, SR b A1

d Tttt SR EARAANZE 180°, RPISERRAE
¥ O 2L o PR FELRR S 2 o LR T P ) 4 A
PR, B Rkt . el
BARTIRL, AR RS U — DB, B
KRN PRGN, P s AR B KA
I, R i F g 6 3 T AT S5 42 P g ST fe 41
R

— + pra—
Il
LA r
) a7
Ve >
/1 /1
yd Wi 1
+ =+
St T s S
St [ s =

3 HEREU I RE A RN I

Fig.3 Principle diagram of push-pull excitation transducer
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Fig.4 Design chart of push-pull excitation transducer
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Fig.5 Finite element analytical model of the push-pull excitation
transducer
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Table 1 Material distribution list

T ME EE mRle BIEE . KE

/(kg/m®) /GPa /mm
R EE 2700  0.34 70 5
SR BE 2700  0.34 70 46
Ja@iR B 2700  0.34 70 10
TRk AN 7910 0.3 196 /
BIEF B 2700 034 70 25
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Fig.6 Vibration map of push-pull excitation transducer
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Fig.7 Simulated impedance Z vs. frequency response curve
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Table 2 Simulation results

P S5 EgE
1 WHRANE /kHz 55.5
2 JRUEPRANEE /kHz 56.1
3 WLALHE & R4 0.146
4 EhASHLFH/ Q 32
5 IV THINBIIR/W 0.031
6 LR 5 R 4 1634
7 5 9 /Hz 34 Hz
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Fig.8 Picture of push-pull excitation transducer
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Fig.9 Block diagram of the laser measurement system

TESINTAE LI 25 VI 4 GE A% AT v 3R Bh 3
R 10 fron, BT REESR N 392 kHz,
XIF 55 kHz A RSN, 8RN AT RFEEZ
7.1, ALRBEGLHAREE . B 10 AT0L, Bl

PRIE “U-18 " f RMEE 60 ym 47, ZitHE 1,
SERIRIE ] (27.5+£0.7) pmo T I A RS
&, MELERFEE MR T, Fik5HEE
RS BEIEAE — iRz, (HER, Hid
R SCHTR R T R ST 7 10~20 um FHRIE H bR{HE
FFETEFE R

BT, AL A E PVIOA BLFH BT/ HT
s xR d AT S E R, WSS R
11 fizn . f5 FH 2R3 PPA3500 B ks B TR 3 HrA,
XHHRAESS 1V HE T AIS B IhR T & .

80

—=—H 5125 V|

=N
S
—

AT flum
ES
_:j:-

I

B [Al/us
E10  Hrpe s RGN A

Fig.10 Measurement of transducer output amplitude
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Fig.11 Tested impedance Z vs. frequency response curve

23 (TESSRERMR

BEXTASCRETT IR SR e A, K507 o A
4 R 5 SLIS MBS RHATR L, 03 3 Fow.
3 MEMERAESOEESBER T

Table 3 Comparison between the simulation and test results of
push-pull excitation transducer

Fiaed ZH 1 B =
1 EHRANA/kHz 55.5 55.4
2 SR R /kHz 56.1 56.0
3 PLER G REL 0.146 0.142
4 ZhAHH/Q 32 45
5 1V FHIAHRIER/W 0.031 0.022
6 MUk i 5 PR 5 1634 1387
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Table 4 Comparison of the measurement parameters between
push-pull excitation transducer and single excitation trans-

ducer
e ZH HES N N

1 PRI /K Hz 55.4 55.7
2 JRAEHRA /kHz 56.0 56.2
3 ML S R4 0.142 0.133
4 B HLH/Q 45 19

5 IV TEABRIIE/W  0.022 0.053
6 BB 5T 5 4 1387 1879
7 AR IR /um 27.5 25.8
8 A5 9i/ Hz 40 28
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