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H

igh quality hole drilling/trepanning with high efficiency and high precision
has always been a challenging work for both scientific investigation and
industrial manufacturing. Pulsed laser drilling/trepanning is a common and
promising high-efficiency technology for producing high-precision cooling
holes especially in aero-engine components. It has been demonstrated that
pulsed solid-state lasers are particularly suitable for drilling/trepanning holes.
Compared with the lasers using nanosecond, picosecond, or femtosecond
pulses, the millisecond pulsed Nd:YAG laser has its overwhelming advantage
of much higher drilling/trepanning efficiency, especially for industry
applications. Nevertheless, a millisecond laser itself usually cannot generate
high quality holes primarily owing to the serious recast layer formation with
both morphological and metallurgical defects. In this talk, a promising cuttingedge water-based ultrasonic-assisted laser drilling/trepanning technology
with and without magnetic assistance is reported for effectively improving
the quality, efficiency and performance of millisecond-pulsed Nd:YAG laser
drilling and trepanning. This novel technology is investigated experimentally
and numerically. The mechanisms of this reported technology are introduced.
Effects of ultrasonic-magnetic-laser parameters on laser drilling/trepanning
efficiency and quality are reported by correspondingly comparing the holes
drilled/trepanned with and without ultrasonic and/or magnetic assistance.
The monitoring for laser drilling processes with and without ultrasonic/
magnetic assistance is demonstrated experimentally. The effects of water
temperature, water-based ultrasonic vibrations and/or magnetic assistance on
hole geometry, hole dimensions, recast layer formation, heat affected zone,
microstructure, mechanical performance, residual stress, material removal
rate, drilling/trepanning efficiency are also reported. In addition, the influence
of ultrasonic assistance on transient temperature and residual stress fields for
laser drilled/trepanned work pieces is also numerically analysed.
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