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Abstract

The increase in the human life span has stimulated the research and development of

several medical instruments and devices. Among the devices, a drug delivery stent is

a medical device that requires ultraprecision machining. However, a conventional

drug delivery stent contains residual polymer, which tends to coat the surface of the

stent. This problem can be prevented by impregnating the drug in a microsized hole

on the surface, thereby eliminating the use of the polymer in the process. Microsized

holes are generally fabricated by laser machining, however, the fabricated microsized

holes do not have a high aspect ratio or a good surface finish. To overcome these

problems, we propose the use of PZT (Piezoelectric Transducers) for the fabrication

of microsized holes. The ultrasonic vibration from the PZT vibrates the laser beam in

a vertical direction, which results in the fabrication of microsized holes with a higher

aspect ratio and better surface finish than those obtained by conventional laser

machining. The proposed mechanism vibrates the eyepiece of laser optics. In addition

to the abovementioned advantages, the proposed mechanism facilitates high precision

and flexibility. It decreases the number of burrs and amount of debris produced

during machining. Moreover this mechanism can be used to machine microsized

holes in various materials. The laser used in the proposed mechanism has a high

frequency and large travel range. A finite element method (FEM) simulation is used

to determine the PZT motion and to analyze the sensitivity of the design parameters.

This analysis reveals that the target frequency and a high amplitude can be obtained

in the target vibration mode without parasitic motion.
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1 System structure

The structure of the proposed system is shown in Figure 1. A laser beam is generated

by a laser head, passes through a lens, and reaches the workpiece. The lens undergoes

ultrasonic vibration at over 20 kHz. A cylindrical PZT actuator, P-025.10H (Physik

Instrumente GmbH & Co.), is used to vibrate the eyepiece. The PZT actuator has a

large force; hence, it should not come in contact with the eyepiece. However, it

should be in contact with a guide mechanism. The guide mechanism must be

designed to have high stiffness and linear motion, as the lens vibrates at a high

frequency.

Figure. 1 Structure of system

2 Conceptual design of vibration mechanism

The guide mechanism should have high stiffness and low mass in order to vibrate

with high frequency. The relationship of stiffness and mass to frequency is expressed

by the following equation:

where ωn and fn are the natural frequency of guide mechanism, k is the stiffness of the

guide mechanism, and m is the moving mass. When f is set as 10 kHz, suitable values

of m and k can be obtained. If the value of m is 610 g, then the value of k is obtained

as 2,410 N/μm using Eq. (1). Figure 2 shows the guide mechanism; the guide

mechanism is designed to have good symmetry, sufficient stiffness, low weight, and

large travel range. The stiffness of the guide mechanism determined to be

approximately 2,500 N/μm using finite element analysis (FEA).

(1)2n
m

fn
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Figure. 2 Modeling of guide mechanism

Figure 3 shows the modeling of the ultrasonic vibration mechanism. Because the

force of the PZT actuator is very large, the supports have a solid structure and are

designed to be rigid. Ceramic bushings are placed on the top and bottom of the PZT

actuator, in order to ensure that the support and guide mechanism do not experience

concentrated stress. The PZT actuator is preloaded by a bolt on the top support. The

eyepiece is designed to not come in direct contact with the PZT actuator; all the force

from the actuator is instead transmitted to guide mechanism. The eyepiece has a

linear motion owing to its symmetric structure.

Figure. 3 Assembly mechanism

3 Result of structural analysis

The result of the static analysis is shown in Figure 4. The force of the PZT is 7,400 N.

When this force is applied, the generated travel range is 3 μm in the vertical direction,

as determined by FEA. Further we were also able to confirm the linear motion of the

guide mechanism. The eyepiece should necessarily have linear motion because linear

motion reduces machining error.

Modal analysis is used to determine the natural frequency of the guiding mechanism;

Figure 5 shows the result of this analysis. The 3rd resonance frequency was observed
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between 10 ~ 15 kHz in the Z-direction; the value of this frequency was 13 kHz. The

1st and 2nd resonance frequencies were 11.16 kHz and 11.28 kHz, respectively. A

higher travel range can be obtained by adjusting the frequency to 13 kHz which is

adjacent to the PZT’ resonance frequency. This requires further research.

Figure. 4 Static analysis Figure. 5 Modal analysis

4 Conclusion

In this paper, we proposed the use of an ultrasonic vibration mechanism using PZT

for laser machining of microsized hole. We determined the stiffness of the guiding

mechanism for a moving mass with a resonating frequency of 10 kHz. The proposed

system is designed symmetrically to ensure linear motion. The stiffness and linearity

are confirmed using finite element static analysis. Finite element dynamic analysis, is

used to determine whether suitable travel range and resonance frequency can be

obtained. After application of the support and guide mechanism, the experiment data

can be obtained and compared with the result of the analysis.
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