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Abstract: A piezoelectric ultrasonic bone surgical instrument, usually used to remove the tartar out of
teeth or to cut the dentine of the tooth, is a recently popular instrument for dental treatment due to its
several merits such as small size, low-electric power and precision control of surgical operation. It has
typically two parts of a tip and vibration system which is also composed of head, piezoelectric elements
and tail-mass. In order to improve the performance of the instrument, it is important to standardize the
size of the vibration system without tip for high performance. In this study, a Finite Element Analysis
(FEA) was utilized to optimize the structure of ultrasonic instrument in vibration system. Consequently,
this study revealed that influence of several tips on property were minimized and it showed good
property at the frequency range of 22~32 kHz.
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Fig. 1. Temporomandibular surgery using ultrasonic bone

surgical instruments.
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Fig. 2. FEM model of piezoelectric actuator.
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Fig. 3. Ultrasonic tips for plastic surgery.

o
9
o
o ol
™
offt
2
°
Ry
it
fau)

fru
wW
T ;H
LN 2/ l;
2 il 2 fu
N By
)
2 o =
>
i3
o
O]

[
fn o
o @ ot Hi
o 19 o [ off off St M b PN 2 2 X

N
Ry
i)
rlr
28 4
lo, BN
N il
oo e
olo rr
iﬂ 1 2o
2 ol
it} B © w &
Ex>2
i o
tlo =
o
ol
X
e it
ox 1 _El

ol >,
_ﬁrer
a2
=2
4 F
e
o

Fg dA 2ZEYY

= 34 (modal analysis)

o
rO
Y
-3
>
rlr
Jo
rot
2 o fo
0 b
o>

ANSYS 10.0S ©] &3}
a]4] (harmonic analysis)S Ea] z+ F+A4%
Wato] 3 S-S FAbsle] 2849 X
A3

do
o
2

(0 tot

N e

£ ju; f;
il -

i

RN

|

ANty o
PP
E 4 fo

2 ol
BN
D o
o E ol o
o,
oh‘._“}-m

o
o y& ot 4w rIf

M
Xy o o 0

t AN 2> o rr AN
e
S
e
5o oo
) i
S
LN
N

ol

g7t ol FdtE AL B
3l AWE FH=2d F= A
(variable voltage variable frequency)#|ol&

o]

2
o
)

+~ VVVF
£ o] &3}
Ao FPGA (field programmable gate array)E ©|

3 a& 294F VNS A8y =8 Aot

Ao 29 e A7 98 2943 Ao Fe
AelEe Ahustel AEAE TEHAOM WY I
022 87] lshe] 200 MHzo] ¥ g o] &
et

2.3 HAY "I}

gekz] sl | EolA FE
4

ol
o o] A%

ol (
- —

FAE st 4
Y HoH I EEs
] 9] linear bearing
715 2ol A

X ot off 32 I o
B
o
0
&

HoS oo Ao

weight

Micrasoope

5

Lirear
bearing |:

Harchiecs

— | Hardpiace
Frud Holder

Fig. 4. Experimental setup to measure the ultrasonic

force.
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Fig. 5. ANSYS simulation results; (a) resonant frequency
versus length, (b) displacement versus length, (c) resonant
frequency versus radius, (d) displacement versus radius.
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Table 1. Design result of ultrasonic actuator.
[mml] Length Radius
Head1 6.5 5.0
Head?2 9.0 3.0
Head3 7.0 2.5
Tail 28.0 5.0
100
T 10
-
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1] \\
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E v
01 !
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Frequency[kHz]

Fig. 6. Experimental result of the ultrasonic actuator
(impedance).

Fig. 7. Proto-sample of the ultrasonic actuator.
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