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[ABSTRACT] Laser-electrochemical hybrid machining (LECM) based on tubular electrode is an emerging non-
traditional machining method with great potential for high-efficiency and damage-free fabrication of high-aspect-ratio
features in difficult-to-machine superalloys. The tubular electrode enables simultaneous coupling and transmission of laser,
electrical, and fluid energy fields, thereby integrating the high efficiency of laser machining with the great surface integrity
of electrochemical machining. In this paper, recent studies on LECM based on tubular electrodes are firstly reviewed,
including electrode design and fabrication, hybrid field coupling mechanisms in material interaction, and representative

results in high-aspect-ratio and high-quality small-hole machining. The structural principles and characteristics of various
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electrode configurations are analyzed, while the coupling and transmission mechanisms of both “flow-channel laser-
guiding” and “optical fiber laser-guiding” tubular electrodes are systematically summarized. In addition, technical
methods for achieving efficient laser-liquid energy-field coupling within tubular electrodes are further discussed.
According to the dominant energy field in the hybrid machining process, the material removal mechanisms under the
interactions of laser and electrochemical hybrid fields are discussed, distinguishing between laser-assisted electrochemical
machining and electrochemical-assisted laser processing. Furthermore, the influence of the intensity and spatial
distribution of the energy fields on material removal behavior is preliminarily investigated. Finally, representative
experimental results on typical difficult-to-machine materials are presented. The potential applications and future
development prospects of this technology are outlined. This paper aims to provide theoretical insights and technical
guidance for further research and industrial implementation of LECM based on tubular electrodes.

Keywords: Laser-electrochemical hybrid machining (LECM); Tubular electrodes; Multi-energy field coupling; Difficult-

to-machine superalloys; Deep small hole machining
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Fig.1 Structural principle and photographs of flow-channel light-guided tubular electrode
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Table 1 Comparison of tubular electrode structures
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Fig.8 Simulation and experimental results of laser-assisted electrochemical machining with tubular electrode
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Fig.9 Removal of recast layer after laser machining via combined electrochemical post-processing
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