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Analysis and Experiment of Ultrasonic Vibration Mechanism using PZT Actuator for
Precision Laser Machining
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Recently, as the aged population grows around the world, many medical instruments, devices,
and their fabrication processes are developing. Among the devices, a drug delivery stent is a
good example for precision machining. Conventional drug delivery stent has problem of the
remaining polymer because the drug is coated on the surface with it. If the drug is impregnated
into the micro hole array on the stent surface, the polymer can be perfectly eliminated. Micro
sized holes are generally fabricated by laser machining however, the fabricated holes do not have
an enough aspect ratio to contain the drug or a good surface finish to deliver the stend to blood
vessel tissue. To overcome these problems, we propose a vibration-assisted machining
mechanism with PZT (Piezoelectric Transducers) for fabrication of micro sized holes better. The
results indicated that the burr size can be significantly decreased with vibration assisted in nano-
second pulse laser drilling test.
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Table 1 Modified Design of Mechanism

Hole position (mm) 24
Hole number 6
Hole size (mm) 5
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Fig. 5 Result of optimized design

=

ig. 6 A&54 A9 A 745 vERA
olth. M 7Ne| Capacitive sensor & ©]&3] 33!
gpo o) FA 3 £ ey WeE 54
T AT PZT ol F3%d AYS A7lshr] S, -2~
+12V 9] Ate 1Y wa Ho 120 V 7HA] 9
< 9 g de A AdY 4 24 dE(Low
voltage PZT amplifier, Physik Instrumente GmbH & Co.,
E-663)9}, g2 7](Function generator, Agilent,
33220A)E AH&SESIaL, Thol=o] Fuhol W9
S F4317] ¢ste] g E-2 0 Hz ~ 100 kHz ©] a1
5 223nm ¢l H|FHZF2A] Gap  Sensor
(Capacitance sensor, ADE, Model5810)9} @A 25
3 (Oscilloscope, Tektronix, TDS 2004B)E A}-&-5}%1 T}

ot N W

M o

- [oRgMY

ol g3 doly T eARAmIR 3}
ek gyl A 2 2 %

2 Q7FE = s A A 100V 2 A sgih

¢ 4 £ ' o 250“’15
Fig. 7 Output displacement at resonance frequency



ol

g2 SSI5 X X 28 12 = pp. 1347-1352

December 2011 / 1351

Gap sensor 9] WIFXE 50um/V ©]iL, 9o
s Bl s BF AFo] 6mvV =
it 9 W] S 20mV, 2mV 7

m, FHYeEo 7 77}
pm, 0.lpm 7} W Zlojth. 7} FAFEC] EE
Adse] A%ol WolA olfm Fu Wel
AE ghol sy kol Zhel7h ol Wuh Al A2
oA AN 2 2= Adw 2 TAEe
Aol Mok | AR FE e, o we
EReAM dAZ ez ARt % dé}ﬂl LR s k]
-3 Hlsk_/] z]lo] =] 7<1-o].

o,
p
>,

X,
s
)
ok

o

fru

2

(98)

=

42 718 AE

Fig. 8 & 253 A& o]&3] =HAg
2 2" folA = -dEs =3
ot APFvEE Mg A% AXY 4A
A2 (Low voltage PZT amplifier, Physik
Instrumente GmbH & Co., E-663)%} H5A7]
(Function generator, Agilent, 33220A), 542 $|3
9 A 2 23 3 (Oscilloscope, Tektronix, TDS 2004B)<}
do] A ZALE 9138 1IPG AFS] YLPM-Series 0.5 and
1mJ energy pulsed laser 7} AF-& 5t} ZALE &= &
oA HFS $13 Mitutoyo AFS] #EM Plan
Apo NIR 5X Objective)E AF-83} 1L, F7 200um,
4mm x 4mm U H] 9] g2 a]]/\.ﬂ—o AlHoz A}
&3ate] #Holx =d" AdS P33Tt Table
29 Table 32 A3 AH&¥ =& A A
=

Laser
W7

Fig. 8 Experiment setup

Table 2 Condition of Ultrasonic Vibration Mechanism

Resonant frequency [kHz] 23.56
Vertical amplitude [um ] 3.8
Lateral amplitude [um ]| 0.03

Table 3 Laser setup condition

Working distance[mm] 125
Pulse energy[W] 95
Pulse duration [nm] 200
Spot size [pm | 30
Repetition rate [kHz] 20
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Fig. 9(a) Microhole at the entrance with no vibration (850
magnifications)

Fig. 9(b) Microhole at the entrance with ultrasonic
vibration-assistance (1200 magnifications)
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