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Study on energy transmission law of water-laser coupling
in water-jet guided laser technology

ZHANG Guanghui, HUANG Yuxing, HUANG Ping, ZHOU Liao, JIAO Huit, LONG Yuhong
(School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: Water-laser coupling transmission efficiency is the premise and efficiency guarantee of water-jet guided laser
machinability. In order to study the law of water-laser coupling energy transmission in water-jet guided laser, and to obtain high
laser power transmission efficiency and uniform laser power density distribution in water beam, by using ray tracing theory and
physical optics propagation method, the simulation analysis of the focused beam characteristics at 1064nm and the speckle beam
pattern after coupling were carried out. And the laser power transmission efficiency under different water beam length, the
distribution of laser power density under different power, pressure and water beam length were tested and analyzed systematically.
The results show that the power transmission efficiency of 1064nm laser increases with the decrease of the water beam length, and
the power transmission efficiency can reach 63. 6% when the water beam length is 20mm. The variation of laser power has the
greatest influence on the distribution of laser power density in water beam. When the laser power is constant, the increase of
water pressure is beneficial to the uniform distribution of laser power density in the stable length of water beam, and the decrease
of coupled water beam length can improve laser transmission efficiency. The research results provide some guidance for improving
the energy utilization rate of water guided laser.
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Fig. 1 Schematic diagram of laser and water-jet coupling
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Fig.3 Shrinkage diagram obtained by experiment
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Fig.4 Analysis of light transmission type after laser coupled water beam fi-
ber

a—meridional ray b—oblique ray
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Fig.5 Simulation of Gaussian beam focusing

a—ray tracing b—light spot and light spot section curve on each surface
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Fig. 6 Simulation of focusing laser and water-jet coupling

a—ray tracing b—laser power density distribution on each surface
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Fig.8 Schematic diagram of laser power and density distribution detection
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Fig.9 Overall physical picture of the experimental system
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Table 1 Laser power before and after laser coupling with water-jet

laser power of different

outgoing laser laser power

power  before coupling water-jet lengths P,/ W
PorW PiW 20mm  30mm 40mm 50mm
1 0.920 0.538  0.466 0.408  0.337
2 1.836 1.074  0.950 0.800  0.668
3 2.716 1.586  1.405 1.233  0.984
efficiency n,/% 63.6 55.9 48.2 39.5
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