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Abstract

Quantitative imaging and process efficiency improvement of a laser
ablation process and
analysis of successful industry-academia cooperation

based on the theory of communities of practice

This paper discusses the development of the quantitative visualization
technology for plumes during machining to acquire the technical guidelines to
improve the accuracy and productivity of the high-precision, ultra-short pulse
laser machining. Additionally, it utilizes the community practice theory as a
framework for discussing the measures aimed at the industry-academia
collaboration that will lead to a highly successful development, based on the
author’s own promotion of the industry-academia collaboration.

In the automobile industry, cleaning the exhaust gas and improving the fuel
consumption are recognized as important factors. To meet such needs, low-cost
machining of fine shapes, including micropores and fine grooves is required, and
studies on the production technology, such as laser machining and mass
production are actively conducted.

In recent years, laser processing technology has expanded in terms of industrial
use due to the realization of ultra-short pulse lasers with pulse widths of 10 ps or
less, enabling non-thermal processing to realize high-precision machining at a
level of several pm and high efficiency with a high repetition rate of laser pulses.
However, owing to the pulse interval becoming shorter due to the higher
repetition rate, plumes (ejections), such as plasma and metal vapors generated

from the processing point interfere with the subsequent laser pulses, resulting in
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a decrease in the processing efficiency and deterioration in the surface roughness.
Although it is necessary to quantitatively understand the refractive index and
absorption coefficient to evaluate the effect of the plume on subsequent laser
pulses, only qualitative and low-resolution visualization methods, including the
Schlieren method have been available thus far. Therefore, in this study, I
developed a new method to quantitatively evaluate simultaneously the refractive
index and absorption coefficient of the plume in ultra-short pulse laser machining,
aimed at obtaining guidelines to improve the machining efficiency.

For the quantitative visualization of the plume, I aimed to quantitatively
measure the spatial two-dimensional distribution of the refractive index and
absorption coefficient of the plume in the micro-shape processing at 0.1-mm
resolution. For this purpose, I optimized the position of the extended optical
system and the light source, and synchronized the laser irradiation timing with the
imaging one by utilizing high-speed polarized interferometry, measuring the
refractive index and absorption coefficient of the plume simultaneously at a time
resolution of 1 ps for a space of 1.5 mm in diameter. As a result, the behavior of
the growing and discrete plume was clearly captured for the first time from the
high refractive region at the center to the low refractive region at the boundary
between the surrounding atmospheres. Furthermore, the plume persisted even
after 20 ps of irradiation, affecting the irradiation of the next laser pulse and stayed
in the narrow part, and the effect on the processing became larger, especially in
shape machining with narrow parts.

To avoid the interference between the plume and the laser beam, a method of
injecting the laser at an angle to the machined surface was investigated based on
the fact that the plume is predominantly ejected from the machining surface in

the vertical direction, and the effect on the improvement in the machining



efficiency was experimentally verified. As a result, by injecting a laser at an angle
larger than about 25 degrees in width of the angle at which the plume was ejected,
the machining efficiency was 1.28 times higher than that at normal incidence.

Since technological development based on the above-mentioned phenomenon
analysis requires advanced expertise, industry-academia collaboration is
important, as in the case of the author, who belongs to a private company but
entered The Graduate School for the Creation of New Photonics Industries
(hereafter GPI) in conducting this study. This study aims to clarify the
mechanisms and characteristics that lead to a successful collaboration between the
industry and academia by surveying and analyzing the previous such
collaborations that have succeeded in the technology development by combining
the expertise and strengths of the school and company.

Regarding the research activities conducted by the author (i.e., researcher X) at
GPI, based on the internal observation method, wherein the observer himself can
enter the observation target and obtain detailed information regarding the same,
researcher X described their research activities by autoethnography using minutes
and memos, conducted interviews with the parties concerned, and considered the
same within a practical community theory framework. As a result, it became clear
that researcher X considered the knowledge and skills necessary to solve the
unforeseen problems arising during the research, and to acquire these knowledge
and skills, they flexibly changed their group of skilled peers to create a new
community of practice leading to success. In addition, it became clear that GPI,
1.e., the research “location,” has a culture in which the students can be educated
without barriers among the faculty members, making it possible to flexibly

transform and create practical communities. A major reason for this climate is that
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the discussions on the purpose of existence of the school and the meaning of Ph.D.
at GPI have continued to date.

In this paper, I describe the realization of the processing point visualization, an
important technology in the photonics industry, and the elucidate how to lead a
successful industry-academia collaboration. These visualization techniques and
processing efficiency improvement methods contribute to development of the
photonics industry through improved productivity in the laser processing field.
Further contribution of industry-academia collaboration methodologies will be

expected for continuous innovations in photonics industries.
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