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高效率高质量高精度微孔加工在国家航空制造业中有重大需求。航空发动机热端零件微孔加工

的方法主要包括电火花打孔和激光制孔。电火花打孔加工质量较高，但加工速度慢，加工成本高，

而且不能加工非导电材料。激光制孔是一种无接触式加工，加工材料范围广，加工环境适应性强，

加工速度快，制孔精度高，经济效益高、自动化程度高，适于数量多高密度的群孔加工，可实现倾

斜面和曲面上的微孔加工。高效率高质量激光精密制孔是高性能航空发动机研制过程中遇到的一个

亟待解决的挑战性难题。然而，光致等离子体和材料蒸气会对入射激光束产生屏障效应。而且，在

激光加工微孔的过程中，通常会产生重铸层和微裂纹等缺陷。如果使用超快激光提高微孔的加工质

量，制孔效率会大幅下降。上述这些相互矛盾的难题很难通过一种传统的激光器同时解决。因此，

在保证微孔加工精度的前提下，为了同时提升激光制孔的质量与效率，作者研究团队近年来主要围

绕水介质和能场辅助激光制孔开展了大量的探索研究工作。本报告将主要汇报作者研究团队近年来

在水基能场辅助激光加工微孔方向开展的探索研究工作及后续研发趋势，例如，水基超声振动辅助

激光加工微孔方法（图 1）、水下磁场辅助高频高功率飞秒激光层进式螺旋切孔新方法等。 

 

Fig. 1 Schematic for laser-based hole generation assisted by water-based ultrasonic vibrations 

关键词：激光切孔；激光打孔；超声；磁场；水 

参考文献 

[1] Wang H.X., Li L., Zhu S.K., Xu Y., and Ren N.F., Effect of water-based ultrasonic vibration on the 

quality of laser trepanned microholes in nickel super-alloy workpieces, J. Mater. Process.Tech., 2019, 

272: 170–183. 

[2] Wang H.X., Xu Y., Zheng H.Y., Zhou W., Ren N.F., Ren X.D., and Li T., Monitoring and analysis of 

millisecond laser drilling process and performance with and without longitudinal magnetic assistance 

and/or assist gas, J. Manuf. Process., 2019, 48: 297–312. 

[3] Wang H.X., Xu Y., Liu J., Hu Q.X., Wang X.L., Ren N.F., Zhou W., and Ren X.D., Magnet-assisted 



laser hole-cutting in magnesium alloys with and without water immersion, J. Manuf. Process., 2021, 61: 

539–560. 

[4] Wang H.X., Zhu S.K., Xu Y., and Ren N.F., Experimental investigation on effects of water-based 

ultrasonic vibrations, transverse magnetic field and water temperatures on percussion laser drilling 

performance, Opt. Laser Technol., 2019, 112: 395–408. 

[5] Wang H.X., Xu Y., Zhu S.K., Zhou W., Wu N.E., and Zibner F., Water-based helical laser hole-cutting 

in nickel super-alloy GH4049 assisted by longitudinal and transverse magnetic fields with/without 

ultrasonic assistance, Opt. Lasers Eng., 2020, 128: 105985. 

[6] Wang H.X., Liu J., Xu Y., Wang X.L., Ren N.F., Ren X.D., and Hu Q.X., Experimental 

characterization and real-time monitoring for laser percussion drilling of titanium alloy using transverse 

electric field assistance and/or lateral air blowing, J. Manuf. Process., 2021, 62: 845–858. 

[7] Li T., Ren N.F., Wang H.X., Zhou W., Wu N.E., Xia K.B., Xu Y., and Tian J.N., Femtosecond laser 

layered ring trepanning of stainless steel sheets with and without transverse magnetic assistance,  

Opt. Laser Technol., 2020, 129: 106231. 

[8] Ren N.F., Gao F.Q., Wang H.X., Xia K.B., Song S.W., and Yang H.Y., Water-induced effect on 

femtosecond laser layered ring trepanning in silicon carbide ceramic sheets using low-to-high pulse 

repetition rate, Opt. Commun., 2021, 496: 127040. 

[9] Xia K.B., Wang H.X., Ren N.F., Ren X.D., Liu D., Shi C.H., Li T., and Tian J.N., Laser drilling in 

nickel super-alloy sheets with and without ultrasonic assistance characterized by transient in-process 

detection with indirect characterization after hole-drilling, Opt. Laser Technol., 2021, 134: 106559. 

[10] Ren N.F., Xia K.B., Wang H.X., Liu D., Shi C.H., Gao F.Q., and Song S.W., Transient thermal 

analysis for circular laser hole-cutting in stable stainless steel sheets using a novel rotational 

pulsed-laser heat source model, Opt. Laser Technol., 2021, 141: 107041. 

*第一作者（报告人）联系方式：王后孝、18806107668、wanghx@sdut.edu.cn 

 

 


