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Abdract: This paper presents the design and fabrication of a high power piezoelectric ultrasonic surgery unit for
multi-purpose dental implantation. A conventional piezoelectric ultrasonic surgery units consists of a transducer and a tip.
However, the drawback of this simple structure is that the output performance of the transducer considerably changes
with the change of the tips. An ultrasonic surgery unit that has an additional booster between the transducer and the
tip can solve this problem to some extent; for this, an optima structural design for the transducer is required. We used
the Bolted Langevin Transducer (BLT) as the basic transducer; it consists of piezoelectric ceramics and a metal body.
It's structure was optimized using mathematical methods to determine the length and radius of the tail and head masses.
Additionally, the booster was also subjected to the same methods. Using these mathematical methods, optimal results in
terms of the resonance frequency (24.96 kHz), displacement (14.27 ym), and pressure (2.8 MPa), could be obtained. The
validity of this proposed surgery unit was confirmed experimentally, exhibiting a cutting force of around 7% higher than

that of a conventional surgery unit.
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AZ UEE AR Eo Qlo] F&IF Aot whetA  ElE IS 3EA RR(ERAFA/EAE/RH)E AA
n7ojut FAIZE AFE o 2 QIgH mpo] AV ARAl gk St 3EA &2 eV B9 P40l viHZte
Aol AdL & e ABAA ZAE 7HRL oh BAFH #3Pumez o sedZ =9 4 i, Foi9
[3]. BtH, AHY »a7|= +27F {MHot, REAY]  dF2 TaAZ 2 e ZAE 7MY, dEHE &5
SR zng ARA 4% 20~40 kHz= AAlstH U FAAQpARQl S Yo Tef 935 2719
e A ARAT AVE D ARAL &FEX] gt £ 542 g2 8 7E1 0. Ot JdEHE S d
orefa SARe] 50 FEE L, ARAS dF5S WE  FA A=, XA AA S0 AFEE & v LA} 4
o Qo] QHASH Alag BAY £ 9t} [4-10]. ®3F 3 ViR HdE ANEY 271 2AAA =0 AF
AR ol Ytido]l 4510 7]EY JIAE a7l £ 4 e LA iR HEE 1EE SeT]E
gAlshs 71== oiF5a oo AlQtetar & A g}t w2 H3PshdTt. 2| AgtE 2719
Y 280 7|2 AFEEE AFoolH= 7|2 SAZ AEsh] Y8l AlAlEE AAste 2 8BS
A og BLT (bolted langevin transducer)s 283%t AZ5HC
Txr2EA I 1004 Yety 1 ot =719 Zhegl
U AR R o] i, A E F& AL e
(head mass), H|Y Y (tail mass) 2a]1 AAto] o]0] 2, AlE 4y
Al "(tip)og2 FdEo] ot =i AR A
WA ZDSoHRE B7HA] dEstA 55 HAdshe 2.1 ¢ME =31 S+=7| A =4 = H3)
AdLZ sh= Aoz, A4 ¥ oo gt Agasol
37| Haksttt HYd R = A A oA YAt SHo 71E9] 28 R0 230}t 7o EAEHE F7F
2 AdE s AR E HAastd & =% sin, &1 3 A 220 27| R = 19 29 2
& 30| § T Bof Ale "9 Fdu 7)o ot sYst ERARAME 57 Hi Ae2EE WA
2t AA| FA3urarE |ete [11,12]. e HFEZ 7HAl 282 RAISHHE EHARA L
Y 250 27l AleAl IRl #oF 48 R AEQ HAAZLolE A glsliof sty AAA = &
of oJsff &4l Fmpp7t ol sshe dAfol WAL, AV Hif 2AL SAAZEQ 0]l MINITAB Ver.145
S5 AsoyA 2 Hekshs oA 25me] 113 ARESto] 53 AXEY A & Aot AdA
£l
u

Al
gt /ol mef Fo] WSt 2ZuE Agsh= B2  =t(design of experiment)?] Q1 viX]H(factorial
F4. AAo wet EFRHARAE AR AASoF gt design)d} ¥Hg BT HiA]H(response surface design)
BT Y Folo] g2 AT 2+ 91 2 o] &5t EHARACE AR 013 HARE &,
%35}t ANSYS 13.0& o]g3dlo] Qstaadire +3YstAct
o I EHARAC W74 2 & QI HiAHE A ZF £F0] e e 2SS
= A

A AAsks Wolal, vhg BH HiRIH
O‘

Cutting Common PZT Ceramic Bolt
blade base
Cutting Common PZT Ceramic Bolt
— l | l l J ‘ ‘ ’ l g . blade base | /

A ~ = == —— ;
Ry L I e |
Shank Head Mass Tail Mass '\ / : ‘ =

i I' Shank ' Head Mass Tail Mass
Tip . Transducer [BLT] B
; Tip Transducer [BLT]

Fig. 1. Design of ultrasonic piezoelectric actuator for surgical
dental implants. Fig. 2. Design of ultrasonic piezoelectric actuator with booster.
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ANSYS
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Fig. 3. Flowcharts of optimization process.
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Fig. 4. Design parameters and
transducer.
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Fig. 5. Design parameters of 1% booster.
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Fig. 6. Finite element analysis results of 1% booster length.

Table 1. Design parameters of 1% booster.

A30Y 105 pp. 656-664, 2017 10%:

H4 (mm) H5 (mm) H6 (mm)
19 7 40
20 8 41
21 9 42

siAl AiatE vt g FAlIRma 28 kHzol A Zd ¥
HE HEE & = A 2 =21 OIK}E FlEsEIpSiae,
75 S0l =&5tich. 1Y 72 v A AA AuE
el Ao2A, 7127] doit QE Booster_H67} &
Azpopaof 7y 2 &2 F31aL, Booster_HA7} ¥ 9
of 7V & 9= &t s FAsin. F2H 3]
A A7 QAte] ¥4 Booster_H4 19 mm, Booster_
H5 7.04 mm, Booster _H6 40.11 mmof|A] 5% 3ok

28.81 kHz, §19] 6.44 im=2 AFEEAct W-3A|HstE &

659

Auel 5
ol Atsd FAFH A7 2709 AdS FdE55h] S5
" A7 QlRte] WiAg o] sto] 12 8a} 70| ANSYS
2 ol 8sto] DAY ¢ ¥ SeraisHHL ABstAc
At 2R okt 28.80 kHz, 6.22 im2 U= 1S
glstict. a4 2AA 45 Z2oE & 2014 UEL
9lon], BAFI4E 100% LAl ¥eIE 96% Uxlshs
A< =pelshect
H4 H5 H6
Hi 21.0 9.0 42.0
D Cur [19.0] [7.0392) [40.1053]
0.82832 |4 19.0 7.0 40.0
Frequency I
Target value : 28.0
y =28.8120
d =0.93234
Displacement
Maximum value }i. b
y =6.4415
d =0.73592
Fig. 7. Response surface optimization of 1% booster.
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Fig. 8.

Optimum design parameters of 1% ultrasonic surgery unit.

Table 2. Response optimum verification result of 1% booster.

Resonance frequency  Displacement
(kHz) (4m)
Response surface 28.81 6.44
Optimum design 28.80 6.22
Verification of 100% 96%

optimum design
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Fig. 9. Structure & parameters of 2™ transducer.
Table 3. Design parameters of 2™ transducer.
Tal_H1 Head H1 Head R1 Head R2
(mm) (mm) (mm) (mm)
33 34 4 75
34 35 45 8
35 36 5 85
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Fig. 10. Response optimum design of 2™ transducer parameters.

Table 4. Response optimum verification result of 2™ transducer.

Fr Disp. Pressure
(kHz) (¢m) (MPa)
Response surface 24.78 15.09 2.63
Optimum design 24.80 13.49 2.32
Verification of 05% 7% 74%

optimum design
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Fig. 11. Structure & parameters of 2™ booster.

Table 5. Design parameters of 2™ booster.

Booster H1 Booster H2 Booster H3 Booster H4
(mm) (mm) (mm) (mm)
1-5 5~10 5~10 60~65

qo| st sjae MAstACh 1 A FAFBLE
24.96 kHz, ¥H¢] 14.27 ym, & 2.81 MPa=Z YEht=
7S stolslgin}. 2|4 A 2 B 604 e

Bst.HI Bst.HZ Bst.H3 Bst_H4
D 0.8 (501 3 (03
Cur 11,4215 5.0; C7244) 7913]
QA o 1.0 50 50 60.0
b =
Frequency
Target value : 25.0
y =250
d =1.0000
Displacement
Maximum value
y =14,5302 |
RN b e | e ~ni
Force
Maximum value
y =2.8950 ==
d=028334 [7]

Fig. 12. Response optimum design of 2™ booster parameters.

Table 6. Response optimum verification result of 2™ booster.

Fr Disp. Pressure
(kHz) (4m) (MPa)
Response surface 25.00 14.53 2.89
Optimum design 24.96 14.27 281
Verification of 99% 91% 96%
optimum design
= BRI B
— Mass i
B #}
BLT L A " 20
' : ’PZT%L_E—T_J 90
& Head Js 162.93
Massa ;
_'; m\y142
( 775.72
Booster = i
5 Booster— 72.93
= ii| s079

Fig. 13. Optimum design parameters of 2% ultrasonic surgery unit.
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Fig. 17. Temperature measurement result of ultrasonic surgery.
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Piezoelectric ultrasonic surgery unit

Load cell

Indicator

Fig. 18. Cutting force measurement results of ultrasonic surgery.
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