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Research on coupling technology for water-jet guided laser
machining based on off-axis optical system

Sun Dong, Wang Junhua, Han Fuzhu
(Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The laser and water-jet coupling technology is the key to realize water-jet guided laser
machining. In order to improve the coupling accuracy, a new method was put forward based on off-axis
optical system. The system was mainly composed of two convex lens, one for adjusting the axial position
of laser beam waist, another lens for adjusting the radial position. The method can effectively improve
the resolution of the coupling device. The theoretical analysis of the method was carried out, and an
experimental apparatus was designed according to the analysis. The experimental results show that this
method increases the radial resolution of coupling device by 5 times, which is consistent with the design.
This method has been applied successfully to couple the laser into the nozzle of 100 wm diameter, and it
is also an innovative application of off-axis optical systems.
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Fig.1 Schematic of two convex lens off-axis coupling system
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Fig.3 Principle of off-axis Gaussian beam conversion passing

through two convex lens
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Tab.1 Optical parameters of experimental

(6)

apparatus
Optical parameters Values
Focal length (Lens 1)/mm 200
Focal length (Lens 2)/mm 20
Distance between two convex lens/mm 120
Axial moving range (Lens 1)/mm +5
Radial moving range (Lens 2)/mm +3
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Fig.4 Laser beam waist position in different platform displacements
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Fig.5 Experimental apparatus of water-jet guided laser machining
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Fig.6 CCD photo in the process of coupling
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Tab.2 Data of X/Y direction relative distance

between spot and nozzle center

- . X relative Y relative
Position Displacement/um . .
distance/pm distance/pm
1 0 -171.551 -152.691
2 250 -119.254 -101.218
3 1250 90.017 104.594
4 1500 137.290 145.855
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Fig.7 Relative distance between laser spot and nozzle center in

different platform displacements
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Fig.8 Photo of water-jet guided laser machining
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Fig.9 A slot in 0.2 mm thick 304 stainless steel
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