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Abstract In this paper, we describe experiment results using a vibration assisted hybrid femtosecond laser (A:795 nm) ultra-
precision machining system. The hybrid system we have developed is possible that optical focal point of the femtosec-
ond laser constantly and frequently within the range of PZT(piezoactuator) vibrator working distance. Using the hybrid
system, We have experimented on brass and studied about differences of result of hole aspect ratio compare to general
experiment setup of femtosecond laser system. Aspect ratio of a micro hole on brass is increased as 54% with 100 Hz
vibration frequency and surface roughness of the side wall also improved compare to non-vibration.
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Fig. 1. Relationship between laser pulse duration and machining.
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Fig. 2. Comparison between the process of ultrashort pulse
laser and process of conventional pulse laser.
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Table 1. Specification of objective lens vibrator in hybrid femto-
second laser ultra-precision machining system

Property Data
Motion and positioning
Active axes z
Open-loop travel [pm] 460
Close-loop travel [um] 400
Open-loop resolution [nm] 0.5
Close-loop resolution [nm] 1.25
Repeatability [nm] +5
Mechanical properties
Stiffness in motion direction [N/pm] 0.12
Resonant frequency @ 150 g [Hz] 120
Unloaded resonant frequency [Hz] 230
Push/pull force capacity [N] 100/20
Miscellaneous
Material Aluminum
Mass [kg] 0.23

No vibrations With vibrations

Fig. 3. Mechanism of high aspect ratio machining in hybrid
femtosecond laser ultra-precision machining system. (L.B. :
Laser Beam, O.L : Objective Lens, W.P. : Work Piece)
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Fig. 4. Schematic of vibration assisted hybrid femtosecond laser
ultra-precision machining system.

Fig. 5. Pictures of vibration assisted hybrid femtosecond laser

ultra-precision machining system.
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Table 2. Mechanical property of brass

ST P2 oA 274

Mechanical Properties

D7k Al e 8 Cu-Zn¥ s &8 311

Table 3. Measurement result of 10X objective lens vibration
in various frequency

Hardness, Rockwell F 70
Tensile Strength, Ultimate [MPa] 345
Tensile Strength, Yield [MPa] 135
Elongation at Break [%] 60
Modulus of Elasticity [GPa] 105
Poisson's Ratio 0.346
Machinability [%] 60
Shear Modulus [GPa] 39
Shear Strength [MPa] 235
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Fig. 6. SEM images of comparison experiment in various
frequency on brass.
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Fig. 7. Graph of aspect ratio respect to frequancy of PZT
vibrator.
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