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In recent years, it has been shown that it is possible to melt and cut rocks and concrete several hundred millimeters thick by
using high-power lasers, which have been the subject of remarkable technological progress. Therefore, we attempted to
reproduce the melting and cutting phenomena of materials by numerical simulation using the particle method. In addition,
to improve practicality, we tried to reduce the number of parameters that need to be identified by experiments. As a result,
we proposed a method to identify calculation parameters by a simple experiment, and were able to quantitatively

reproduce the melting rate of concrete by a high-power laser in a numerical simulation.
Keywords : Melting process, Particle method, High power laser, Phase transition, Optimization

1. Introduction

In recent years, industrial high power lasers have become
popular, and they are used in various fields not only metal
processing and welding, but also rock and concrete. Sugita et
al.[1] conducted experiments using 5 kW and 20 kW CO2 lasers
to cut various types of concrete and mortar to find parameters
such as laser power, cutting speed, focal point, assist gas type and
pressure. Juan et al. [2] compared the experimental values of heat

transfer when concrete was melted by plasma jet with the
theoretical temperature obtained by analyzing the heat Fig. 1: High power laser induced concrete melting
conduction inside the concrete. Kureya et al.[3] reported that

expriment
laser fusion cutting of ultra-thick concrete with a maximum
thickness of 1200 mm was possible by using a high-power fiber
laser of over 20 kW and ultra-long focal length optics. Based on
the results of these previous studies, we conducted our own
concrete melting experiments and confirmed melting of concrete
of about 1000 mm in thickness by experiments (Fig. 1).
However, it is not practical to experimentally identify the laser

irradiation conditions for different structures, because it is

expected to be labor intensive and costly. We chose another
approach to determine efficient laser irradiation conditions by Fig. 2: Snapshot at 81% frame after laser radiation
predicting the phenomena in advance through numerical

simulations based on mechanics that reflect the energy received penetration speed

by the concrete material from the laser and the physical properties

of the concrete. In this study, we propose a method to determine

the parameters that need to be identified for the simulation by a
simple experiment, and describe the method that achieves

cutting speed [mm/s

f \‘-""'-470— P i St =t
quantitative prediction of the melting rate. o B s ===
( 0.04 1 )08 ).1

time [s]
2. Methodology and Parameter Identification

The algorithm used in this study is based on the MPS (Moving
Particle Semi-implicit) method [4], [S] for incompressible fluids

——a-1/100 —#—a=1/200 a=1/300

Fig. 3: Results of simulation by changing
absorption parameter «
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[6], modified to handle concrete materials. Specifically, energy is
transferred to the concrete particles by collision using virtual
optical particles. By introducing the concept of laser energy
absorption rate , the absorption rate parameter can be easily
determined by comparing the rate of laser fusion with the
simulation results. In order to treat the composite material with
the particle method, the physical properties of concrete, which is
an average quantity, was used as the physical parameter, and the
fluid was assumed to be highly viscous. The values used in this
study are based on existing studies on the physical properties of
concrete [7], [8]. In numerical calculations, the absorption
coefficient is the additive average of Ap and As multiplied by the
parameter o. This parameter o must be identified experimentally.
In this study, o was determined so that the laser melting rate
agrees between simulation and experiment.

The specimen used for parameter identification experiment
was a 100 mm X 100 mm x 150 mm rectangular piece of
unreinforced concrete. In the experiment, the specimen was
placed on a jig and irradiated with a laser beam. A 50 kW output
Faber laser machine was used as the laser irradiation device. The
laser head is attached to the tip of a general industrial robot arm
and can be moved in a preset direction. A digital camera was used
to record video of the laser irradiation at 59.94 frames per second
(FPS), and the time required for fusing was determined by
replaying the video frame by frame. 81st frame shows
penetration of the laser and molten concrete spurting out as
indicated by the red arrow (Fig. 2). Since the video was shot at
59.94 FPS, the time required for penetration of 100 mm thick
concrete was 1.335 to 1.351 seconds. Therefore, the concrete
melting rate is obtained as 74.02 mm/s to 74.91 mmy/s.

Fig. 3 shows the results of the particle method simulation by
changing the parameter o, which requires identification. Fig. 4
shows a snapshot of a cross-section of the melting process
obtained from the simulation. Since the melting point of concrete
is set to 1400 °C in this study, the areas indicated by the double
arrows in the image are areas where the concrete is melting, and
particle melting can be seen in the area indicated by the red
dashed line.

The average melting velocity of 74.5 mm/s obtained
experimentally corresponds to .= 1/200-1/100 in the simulation,
and it is expected that o can be identified more precisely by
further investigation of the appropriate comparison conditions

between experiment and simulation.

3. Summary and Conclusion

In this study, we attempted to predict the phenomenon by
applying the particle method to the melting of concrete by laser
irradiation. The energy transfer during laser irradiation is
modeled by introducing virtual light particles, and the dominant
parameter is identified experimentally. In the first year of the
project, the feasibility of reproducing general phenomena with a
single parameter has not yet been verified, and the experimental

17860403

1.489¢+03
1491403,

Melting area

Depth 6.00 mm
Fig. 4: Snapshot of melting simulation

conditions for identifying the parameters have not yet been
investigated. After solving these problems, the optimal laser
irradiation conditions will be determined from the viewpoint of
time and energy amount according to the actual structure, and the
operation of the laser head will be automatically controlled,
thereby realizing advanced demolition of concrete structures. In
addition, since higher speed is essential for the simulation for
optimization, we plan to proceed with parallelized calculations in
the next fiscal year.
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