SRS ETIAISESIR] Vol.19 No.3 2010. 6. pp. 419~425
Journal of the Korean Society of Machine Tool Engineers

dser, 488, 4™, 24T, olg 1™
(=EE4Y 2010. 04, 22, HAEREY 2010. 06. 09)

Design of High frequency Vibration Mechanism with PZT actuator for
Ultraprecision Laser Machining
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% Abstract !ﬁ

To machine the micro hole, laser machining system is widely used, however, the system cannot fabricate the micro
hole with high aspect ratio and good surface finish. To break the obstacles, the high frequency vibration mechanism
with PZT (Piezoelectric Transducers) is proposed in this paper. The mechanism will vibrate the laser beam in vertical
direction so that the aspect ratio and surface finish may be higher than the conventional. The mechanism vibrates
the eyepiece of laser optics. In addition to the benefits, the mechanism enables us to have high precision and flexibility.
It decreases burr and debris during machining. And it is able to machine various materials of workpiece. This research
include high frequency and large travel range of the proposed mechanism. The PZT motion of mechanism and analysis
on the sensitivity of design parameters are extracted from a finite element method (FEM) simulation. In the analysis,
the target vibration mode without parasitic motion is designated to have the target frequency and high amplitude.
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Fig. 1 Schematic diagram of system
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Fig. 2 Assembly mechanism ; (a) Side view (b) Front
view (c) Magnified top view

FLLu
_Ln..
o
offl
. o3
L4
12
_1_4 _L4
r>~l
ox,
A
r
2_4_4
)
ﬁ
O
&2

}Olfﬂﬁﬂr
oW 7EE TFEAY)
UL AE @ 470 £
g 2345 4& 4 Uk

g2 ARREE GNHS 44 57 Yool BE

$EE0| B2 2P| HEE BAF sk ol S
Aol 98 U B PESE thl ANsH: Ul

vl
29+ 3 B0l . T84T oA 99 2

Fos gelo|d £5& g BeR Ao 9
o 2N 4ol bt gl 2T 4 ok

Lo
==
T

3. S5IQAsHM Zin

=4

E

3.1 PZT &iM

Aol A AME PZTE 9U{ & M(Inverse piezo effect)
< ol &3, PZTo| A% A7tete] HojubAY Zoju
HEE o]83to FE7|2A AES sHAH

B o) AF2E PZTE PI it 9 P-025.10H Qe
38 dAaAol, St ssMo] AbLE T2
ANSYS™/Multiphysics 24 AAJ3)4] Hoko] 22 A5
¥4 Z2agoloh

421

Polarisation

|

n

(c)

Fig. 3 (a) Modeling of PZT (b) Polarization and dis-
placement of stack PZT and (c) Static analysis
of one layer PZT

$]9] Fig. 32 PZTE =W 5 18oloh Fig. 3 (a)= 4
A Apo| 2] PZT RWYIE % 26749 e FO2 PZT
So] 4ofglet. 1 Aolatoleliz 22ke] PZT Sol HeHS
W g 4 97 AT o] R AT

Fig 3 (by= %53 PZT] HpUaF 9 999 vehy
I%olrk. A4S AR PZT Apolo] Qs HIEo| st
AUH Ado] sof 27 $33} £F 02 Ade] Hk. 7

o) SR RS PZTY RIS ) B AL v
#9417} Sofub7] Sk PZTo) ¢l7}shs Agte] A7]o] uie
ALY} WiEke ZAF 5 9la BE HYfo] §E4E W
e AA.
AL=dyy +n+ V @
19 4 QF $UT AL S e Aol dye

7k 7R e %4 =470 e e A4 3L 11711*
o] Wgke vEhE Hof 32 WF 9 Wiks Vet &
ek B PZTO SAMEHA SE B e it 25
@ PZTe A9 My HRor I E4A e Z%%E}.
o] At A 20laL Sl PZTE & 26522 50| ¥of
Ak V= °J7}6Pb A4S Lehdis, ) 1000V 742 A
& 3919 ghEe didsted 4 ()9 2ol
ALk shd AL ZHe oF 13ume 2 AF}rt vhech

g



43S - 838

Fig. 3 (c) 182 % 26 79| 302 o}2oJZ PZT Z9
/\1 3 29 14& ehilet. & 26 $08 o]F0jd PZT
£ g4strlole 3379 o ZR(Epoxy)dl AL S8
(Electrode)2] £4)(Material property)7}&] 1&sfof sta
B4 AZto] wol 28 EHZ B =RoAE 3 39| PZTO
A A s A(Static analysis)E AAIBHGTE Aol
845 PZT 299 FgHE gotrr] st PI FLoA
A3 PZTS) ZRAZLS A&skm AL OVeA 1000V
7 7kt B Lastact Fig 3 (99 21¥& Al
2 olgjZ oz wot Yol WS & 4 Yt AW
& 3o ikl 7Hget BE ARl tElA 45
3157] el HEE Bgolh 427 o WFoR Yot
£ WL 0.55umo) Tt

PZTe|| 1000V7} Q7F=| QL& of A3 W ojko] thigt
Z7y9] grEo] Table 19 HIZ Ho{lt}. PZT AZAH A
Yol 15ume] W7h WSl AR veigict 413
ol grod A & AL oA dHE sglch a4 g
S 2y gojlA PZT 3 59 ¥H7E 0.55um $LEE J
2630l disirle 14.3um 71 2ok 9] AI7HA gl o
A AQ Hlaat HegtSe] et AL 1 & 47 I

3.2 ZyE siM
ole#}9] Fig. 4v= TFut A RESHAE e 1

Table 1 Comparison of PZT displacement

Specification Formula Analysis
Data (um) Data (1m) Data (um)
AL=dseneV 1 EA =055
15 3 l
h 26 EA = 143

Fig. 4 Modal analysis of vibrating system
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Fig. 5 Static analysis of vibrating system
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