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In chapter 1, the background and purpose of this study were described. In laser cutting and piercing, a
focused laser beam melts and vaporizes a part of the workpiece, and the molten material is blown away by
an assist gas jet from a nozzle placed coaxially with the laser beam. The increments of the machining
speed, the cut surface quality and the machining efficiency are desired in laser cutting and piercing of thick
mild and stainless steel plates. In this research, laser cutting and piercing methods utilizing the control of
laser focus position, relative to the assist gas nozzle, were proposed to improve the laser machining
performance.

In chapter 2, a method to increase the laser cutting speed and quality was discussed. The relative
displacement between the laser focus position and the assist gas nozzle (off-axis control) has been shown to
improve the assist gas supply on cut front. Therefore, the real-time off-axis control was proposed to be
applied in two-dimensional cutting. The lens drive actuator consisting of elastic hinges and electromagnets
was developed and integrated with a conventional laser cutting machine. As a result, the maximum cutting
speed increased and the dross attachment decreased.

In chapter 3, a more compact lens drive actuator consisting of aerostatic bearings and electromagnets
was proposed to enlarge the laser focus positioning range. In off-axis laser cutting with larger eccentric
displacement, not only the maximum cutting speed but also the surface roughness and the assist gas
consumption were improved.

In chapter 4, multi-DOF oscillations of the laser focus position was proposed to control the formation
of striations in the laser cutting. By utilizing orbital and vertical oscillations of laser focus position, the
striations and the surface roughness became smaller than that without oscillations.

In chapter 5, the combination of high initial laser power and an oscillation of laser focus position was
proposed to avoid a heat concentration on the top surface of workpiece in laser piercing. By utilizing
orbital and vertical oscillations of laser focus position, the piercing time decreased without generating the
excessive oxidization combustion.

In chapter 6, summary and future works were described.
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