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Frequency Controllable Ultrasonic knife made by multi-layered

PZT ultrasonic transducer

Moo Joon Kim, Kang Lyeol Ha (Pukyong University)

Abstract

Ultrasonic knives have been successfully used for the surgery of many medical

fields.

However, the conventional ultrasonic knives for surgical operation cannot be

controlled its resonant frequency. So if the material to cut has different characteristic

impedance then different ultrasonic knife will be needed. Because the optimum driving

frequency of ultrasonic knife is different by characteristic impedance of material.

In this work, using a frequency variable ultrasonic transducer made of multi-layered

PZT vibrator, a frequency controllable ultrasonic knife will be suggested. The design

and computation principles will

be also derived.

For this work, firstly, the

characteristics of this ultrasonic knife will be analyzed by transmission line model

equivalent circuit,
distributions  will

and the free admittance characteristics and vibrational
be obtained. Secondly,

we will

velocity
design and make the frequency

controllable electrical oscillator for driving this ultrasonic knife.
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Fig. 1 Transmission-line model equivalent
circuit of piezoelectric transducer

Fig. 2 Thickness mode piezoelectric vibrator
connected electrical impedance to
electrical terminals
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Fig. 3 New transmission-line model
equivalent circuit including the
electrical impedance effect
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Fig. 4 Horn for amplification of vibrational
displacement amplitude

Variable Impedance
Fig. 5 Construction of frequency controllable
ultrasonic knife

Vv
I
1
joC,
2
_L(ll_) [{ lel (= Vit Up)

7 @

Zd:

+ (= Vupt+ Uy )J( Voa— Uy) + By }

(10)
9 ANE A e e 9de A B,

[Uu UIZ] [Pu Plz][Au ﬁlz]

an
Us Uy Py P 22

Fig. 6 Transmission-line model equivalent circuit of frequency controllable ultrasonic knife

_509-



[ Vi V12] =[B11 BIZ] " Un Uy (12)
Va Va By Bpl{ Un Uz

[Xu XIZ] :[Pu PIZ] [ Vi Vil (13)
2 Xz Py Ppl| Va Vaj

[ Qu le] = [ Cy CIZ] [ X1 X)) (14)
Qxn @ Ca Cpll Xa Xz

A71M T A7) &Y AR APFE Af o
A Zol BE theAe] UYsE Fas b

8 gz 7z z2gHv2d g AxUdgdre]
zR4E48 78 & Atk
_ A
Z=Zst Zm (15)

of Af AMHxY ALH Af JmuPLE
FE 4+ A

2-3. ASaE BEol A

2 oa7dd ARET As PEAFY F7H3
2e UE4E % 99 REE AdT 3%
e "elstt 4 SHNEE AHgsd (15
HelA T A% dPV2E ¥H TAFRE S,
A FHAR o FAFASE (DN HIT
olal (14)4& Aol

8 ¢z F52 Frt
ps(0)] = [Qu(x) le(x)][ ]
Us(x) Qzl(x) ng(x)

AAZALEN p,=0% H &9
D5(x) = Q12(x)va
QZZ (X) Ua

2 es 78 % 9

an

vs(x) = (18)

3-1. =

2oy ARy FRsAE HEFE £
o3 Wzl FzE 39 5 Uy olgmdz
s, gHAE Nz 2gd =4
Som o) @A 282 488 FA 10mmel 2
e dwg A Atk RS FAAY T
Bz AW 42 A Aol olgTe

K=X
545

GaAel AE 34 sl Tl AN &
Aol 4 TERI, Fde) GAAY 4L FaAs
AolRz ALgadT. dde ABFYRd F&
sed WY FHe GulEE A G
o @A 2EZ ol ARG = Fee MY
e A dBsss 2e TANA e 9
2 @ 4 AES aAth Fas Ao duA
o ArlgAE 9% ANPARA HolAetelE

2 Aze wae AME Zob ANE nYE
AZsn nue e TARE detolEzolg
$Aq b mYel AHALFS BHFEAT

B

3-2. ARO=0/HAl Hit
®oagelq AR FoEsh
g3} vlzel AHolEHHzE
g 70l AAst A GRS ol
W Fug hae QEAY A7 e
gezsl g Lol we 289

7 2

A
ol off
o

Ll
2oy ol
o B
ju W
e Wb

oy ©

&
2
1>
o
ol
™
-
j'-_l,

2
u

o
N

= 2
3

o 32
© rq
SN R

$499 WelH 34 TN REE
o 4% 2%E 2Y BKHAF
Al A4k AEd 293 Axglo] A7t
A T AFVES AzEE AY Ao} A
A< dE Heojn Yo 2™ (b
L,=62[mH]el 7A$2 3NkHzEI0A FIR

=7b e, 3TkHzlS FoREE FESE
el Wk AHE2sl gg wpol

L,=33[mH]Z 39 A% 2348 29 70
A dEgt 28 708 AFAH G
UKHAR 23 FMkHAR 2 F2 REE 2427
S0IkHZ) 2% 44lkHZ1% 202 01%6}% e o
4 v aey 2¥E%E uw ¢ 5 9

2

o}
e
H
in

YER

frorx 30 = 30

EoN<N
5T

=~

0

20}

kHZ]F 29 TAREE
otz WFAEHAM 13 FA B
GRS

3-3 Esze &5

AEETREE 2A5}7 43}&1 2 A
Holx e EEAE o g
Qo g 7o) Ul oJEmE A9 B
ArleRte] HE&d Adde 29 gl wa FAF

- 510 -



ADMITTANCE (mS) ADMITTANCE (=81

RDMITTANCE (aB]

492+

ol EALEH

3 ° - 2 3 » = L - ® -
FREQUENCY (kM2

(a) Le=oo

S % % 2 3 3 3 ¢ & = a

FRECLENCY R

FREQUENCY [kHxl

(b) Le=62[mH]

L]

3

. ‘
af g,,
2E- 2
.;’l//&//A\/ .
° A 7y

! = 5 % 2 3 5 3 o & 5 s
FREGUENCY [kHzl

(¢) Le=33[mH]
Fig. 7 Results of free admittance characteristics

7t AgEd o FAFASZ TS

3o ABEERT UF AAFE 1Y 8o qa
SEENCHEN E Re Agaroln 4
Mo uEd Ae o RER R
9 A%, & x
(181418 0,2 sto] Are

Aze

>

— (e}
L, =00

S ABFAGE RS e Aedd U
98 44y 49 2
Aot BHo| et TEERSE
o] &l sgie,

4 88

AFANE Fosbadg grFa
g TE37] Y5t WA A7jdte ®a}

2
P

o]

Velocity [mnvs]

Velocity [mmis]

Velodity [mm/s)

°r L sinfinite (Open)
sl
o
2 - -
a

[}
. ;_/
4l
S
. L L f L s

0 2 © © © 0

Distance [mm)
(a) f, = 33kHz
’r L=62[mH]
sl
Ax
2 ./ﬁ\
L)
[ ‘_"/r"",'-’
2¥
2

*r "
F13
s L ) 1 L L 1 L

[} P © ® o 0 ) w0

Distance [mm}
(b) f, = 37kHz

8r L=33[mH]
sl
oL
2
0 o | /4_\

l——'/"/
2F
N
s

0 2 L9 @ k-1 o 2 “w
Distance [mm}
(c)f,=30kHz
Fig. 8 Results of vibrational velocity
distribution
7t ned HdAeMzy Fr13ag
e o2 FuoZ Yo} TF Fus
g 4 QE 28 H2g ¥A 2
Add 2g3 Wzd FESHES ANE7 e
o BS54 W8 L VSEEEE

=231,
g 7ha
A #at g ok,

’] Bjﬂ'&a



Heg A% T3

H&3 "y A
P

o] 2AA e} vl
& guAe "7zt

‘31'111'01 o7 M T e

2 zoz wWage HANUT WA

We FEEsed B3 £ Qs
S oz O AEAE

e

ki

4%
7
&

22

e A

o1 (=]
TRF W

=2
oo rE

ZT-/\
T
e 2 4%

9_7\401
7

s Borol

—v—'

=

2159 o

HAZE
1. EHEIT AR EE R MR BE R
DI ERSEoBNT) B ABEHEESIL Vol
16, No. 3, pp. 10-18(1989)

2. Hodgson, W.].B., Poddar, P.K., Mencer, E.J,,
Williams, J.,, Drew, M. and McElhinney, A.J.
“Evaluation of ultrasonically powered
instruments in the laboratory and in the
clinical setting”, Am. J. Gastroenterol. 72,
pp.133-140(1979)

3. Takao Takemura “EVALUATION OF
ULTRASONIC SURGICAL ASPIRATOR IN
THE FIELD OF HEPATIC SURGERY",
Tokoy Jikeikai Medical Journal 99, pp.257-270
(1984)

4 B USEEAHEE, B R ESRRL, BIR, 19914

5. Y.Tsuda, EMori and S.Ueha : Experimental

Study of Ultrasonic Surgical Knife, Jpn. J.

Appl. Phy., Vol22, Suppl. 22 3, pp.105 107
(1982).

6. Medical Tribune, Vol. 23, No. 17 (1990d 449
234)

7. EMEAT B 24 27, BEWTECHNO 9H 5%,
pp.19-22(1994)

8. hEAEE, SREE ARt - FRREIRE T o
R T AT L 2 LEREBEN
FIrRY a-HoERBRIC oW AAE T
5 40015 B & B iy, US92-49(1992)

9. B o, “MARAHBMHEEHERRTEHT S
- L DEGIRE T, AASTERGHE

o, 1-P-10 (1992. 10)
10. T, R4, £, “BERkY
ROBH", BAE FEHRAESE
US84-22, pp. 22-30 (1984)
11. W. P. Mason, "An Electromechanical
Representation of a Piezoelectric Crystal

=T E- 2 OMEITIHE
Bt 5,

Used as a Transducer”, Proc. of IRE. , Vol
23, No. 10,pp. 1252-1263, 1935.

12. %t chéh, ok, “BEREALERBEE
5 AL a-ORY AARE TREEERE
Vol. 55-a, No. 7, pp. 331-338, 1972.

13. 4 —, EREEBES MR, pp. 206-212, A
#, KW, 1948

14. ¥arh, gk, Ht, ‘BEBBSRKBERL 7
VAP Aa-HOEBEE»POBEBICRIZT
W A ANEREEBGEMERE, UST4-40,
1975.

15 &, ek, “SRFEAEGT v 2o BBE
(Bz F 7R Y A= ORI E BRI

KEBERBERLEC, Vol. 114-C, No. 1, pp.
42-50 (1994)

16 &, 8, FHER v - - F7 7 ERET
% H v 72 SRV BE O IR BRI S oA O FEREB I B
BAE T SBESE EiERe, ES93-37(1993)

- 512 -



