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Fig.1 Types of difficult-to-machine materials in the aerospace industry
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Fig.6 Optical properties and coupling principle
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Fig.8 Principles and applications of waterjet-guided laser cutting
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Fig.10 Applications of waterjet-guided laser in precision machining

& 10

FALHAR M L, K BO6 I T Ak
ATl 4.0 FHEZE b, SIEEICHE 1 5
AW R A T 20k it
REHE 5B HLESF > FIN T8 hg,
AR IOE I TR S A IS R Y T8
PEEE FE— DTN TR B SRR
K B K GO I T8 A B A
TN BE AW R B, RENS 2 W b n
T AR P AR A (AR ot
i KGR SE ), Hdad s R GE
HEAT A s,

2 £ X Bk

[1] EFKE, fHF, WO, &5 BOLE A
TR NE PR A B T SR £ IR 0], AL TR
%, 2024, 60(9): 168-188.

WEN Qiuling, YANG Ye, HUANG Hui,
et al. Review of research progress in laser-based
hybrid machining of hard and brittle materials[J].
Journal of Mechanical Engineering, 2024, 60(9):
168-188.

(h) fiizs R FmLREE T B Ln 1.5

[2] skiEF, &, 55K, 55 g
WA ARk s B B O Ty i Ao i e [3].
FEMRER2A 4R, 2025, 53(8): 2388-2409.

ZHANG Xiaoyu, WANG Ziang, HU Xiufei,
et al. Methods and research progress for high-
quality laser processing of diamond materials[J].
Journal of the Chinese Ceramic Society, 2025,
53(8): 2388-2409.

[8] T RTwg AT, 5 OHOLR
B EERIN T AR S LRI, A2 il R,
2022, 65(11): 30-47.

DING Ye, WU Xuefeng, GUAN Yanchao,
et al. Review of hybrid laser removal processing
technologies[J]. Aeronautical Manufacturing
Technology, 2022, 65(11): 30-47.

[4] ZHANG P, GAO Y R, YU Y, et al.
Effects of water-guided laser surface strengthening
on surface properties and fatigue life of TC4
titanium alloy in tension-tension fatigue tests[J].
Vacuum, 2025, 232: 113863.

[6] sWigsh, R, X2, 45 KRS0
VIEITCARR & 4 R IIESURFE ST [3]. B
5, 2024, 44(6): 96-102.

GUO Hanming, XING Fei, LIU Weijun, et
al. Analysis of surface morphology characteristics

20264F 5695 4] - DAt A 99



- . .
—— Wi FORUM

of TC4 titanium alloy by water jet-guided laser
cutting[J]. Applied Laser, 2024, 44(6): 96-102.

[6] EMLL, FR£r, EiaHk, 55 K8
O] o R B i v R S 4 AL T 2RI Y
1. "R L, 2024, 51(16): 1602404,

WANG Shunshan, QIAO Hongchao, CAO
Zhihe, et al. Experimental research on waterjet-
guided laser processing of microholes in single
crystal Ni-based superalloys[J]. Chinese Journal of
Lasers, 2024, 51(16): 1602404.

(71 R, AP AG, BADE, 45 T
A4 AR SO TR AN TS E 27712 0]
o E O, 2025, 52(14): 1402122.

CHEN Zhiliang, FU Shengpeng, XIA Renbo,
et al. Vision-based positioning method for water-jet
guided laser grooving of superalloys[J]. Chinese
Journal of Lasers, 2025, 52(14): 1402122.

[8] ZHANG G Y, WANG J Y, PAN Z B,
et al. Surface quality analysis of waterjet-guided
laser processing DD6 single-crystal superalloys[J].
Materials Today Communications, 2025, 43: 111629.

[91 PAKSOY M, CANDAR H, YILMAZ
N F. The advancement of waterjet-guided laser
cutting system for enhanced surface quality in
AISI 1020 steel sheets[J]. Materials, 2024, 17(14):
3458.

[10] YANG L J, WANG M L, WANG Y.
Research on water-jet guided laser micromachining
of 65-Mn steel[J]. International Journal of Abrasive
Technology, 2010, 3(4): 338-353.

[0] M52, B, R, KRS
O I C AR AR R E AL 1Y 2R R[IOLY. i
S5 F 2Rk i, 2025: 1-14. (2025-08-18)
[2025-11-21]. https://kns.cnki.net/KCMS/detail/
detail.aspx filename=JGDJ20250815024&dbname
=CJFD&dbcode=CJFQ.

MEI Zhankui, AO Huilan, YANG Zhizhe,
et al. Process exploration of silicon carbide micro-
hole processing by waterjet guided laser[J/OL].
Laser & Optoelectronics Progress, 2025: 1-14.
(2025-08-18)[2025-11-21]. https://kns.cnki.net/
KCMS/detail/detail.aspx filename=JGDJ2025081
5024&dbname=CJFD&dbcode=CJIFQ.

[12] JHEEsh, AR, AR, RALEER
BIE A MBI TH AR IR LRAR[]. i
2 il Fi A, 2025, 68(14): 42-63.

YIN Zekun, MEI Xuesong, CUI Jianlei.
Review of research on laser processing technology
of silicon carbide ceramic matrix composites[J].
Aeronautical Manufacturing Technology, 2025,
68(14): 42-63.

[13] EX B, #E3ELL, F5, 5. SiC,/Al
STABERNE BARAR 5 I T AR 5 BE R [9].
T HAAR, 2025, 59(3): 1-19.

ZHAO Chongyang, HAN Jishan, WANG
Yi, et al. Research progress on high efficiency and

100 MBS EAR - 20264E 55698 55 410]

low damage processing technology of SiC,/Al
composite[J]. Tool Engineering, 2025, 59(3): 1-19.

[14] YIN W N, Yu Z, Xing G H, et al.
Study on the microstructure evolution and ablation
mechanism of SiC,/Al composites processed by a
water-jet guided laser[J]. Materials, 2025, 18(12):
2749-2749.

[15] 25, X b, SR B, S5, P g A
ST B RERG 1 P AL T T 2 W 5 0 R[],
FAEREIEER, 2024, 41(08): 3987-4003.

LUO Xiao, LIU Xiaochong, ZENG Yuqi,
et al. Research progress on machining process
of embedded holes in ceramic-matrix composite
components[J]. Acta Materiae Compositae Sinica,
2024, 41(8): 3987-4003.

[16] EILE HET, AR R, AF BRLT 4k
B R 5 S BRHRRRR N 25348 3], HLAE
TH2AR, 2025, 61(7): 77-97.

GE Jia, FU Guoyu, ZOU Yunhe, et al. A
review of non-conventional machining of carbon
fibre reinforced plastic composite[J]. Journal of
Mechanical Engineering, 2025, 61(7): 77-97.

[17]  RIE, 208, ER bk, 45 K
HOEIN T.CRRPIAE OULIE SRR 9], i 2
1, 2022, 43(4): 525144,

ZHANG Yinuo, QIAO Hongchao, CAO
Zhihe, et al. Microstructure characteristics of
CFRP deep groove processed by water jet-guided
laser processing technology[J]. Acta Aeronautica
et Astronautica Sinica, 2022, 43(4): 525144.

[18] KT, X W, XUk, 5. k4T 4t
BB SZA MRDK RO TS8R AT 52 [).
E AU T2, 2023, 34(3): 344-351.

ZHENG Zhilong, ZHAO Yugang, LIU Qian,
et al. Experimental study on water jet guided
laser processing of CFRPs[J]. China Mechanical
Engineering, 2023, 34(3): 344-351.

[19] MEHRA R, MOHAL S, SINGH H,
et al. Investigations on machining of hybrid glass
fiber-reinforced polymer using laser engraving
machine[J]. Journal of Materials Engineering and
Performance, 2025, 34(19): 22295-22308.

[20] BIR, SHENPF ZHU LY, et al.
Laser ablation mechanism and performance of
glass fiber-reinforced phenolic composites: An
experimental study and dual-scale modelling[J].
Chinese Journal of Aeronautics, 2024, 37(8):
470-485.

[21] COLLADON D. On the reflections
of a ray of light inside a parabolic liquid stream[J].
Comptes Rendus, 1842, 15(800-802): 15. https:/
www.researchgate.net/publication/284079824
On_the Reflections of A Ray of Light Inside
A_Parabolic_Liquid_Stream.

[22] HECHT J. City of light: The story
of fiber optics[M]. New York: Oxford University

Press, 1999.

[23] WROBEL W G. Process for cutting a
material by means of a laser beam: US4952771A[P].
1990-08-28.

[24] MARIMUTHU S, DUNLEAVEY J,
LIU Y, et al. Laser cutting of aluminium-alumina
metal matrix composite[J]. Optics & Laser
Technology, 2019, 117: 251-259.

[25] WAGNER F, SIBAILLY O, VAGO
N, et al. The laser microjet® technology-10
years of development[C]//22nd International
Congress on Laser Materials Processing and Laser
Microfabrication. Orlando: Laser Institute of
America, 2003: M401.

[26] BRECHER C, JANSSEN H,
ECKERT M, et al. Thermal investigation of
interaction between high-power CW-laser radiation
and a water-jet[J]. Physics Procedia, 2016, 83:
317-327.

[27] RICHERZHAGEN B. The best of
both worlds—laser and water jet combined in a new
process: The water jet guided laser[C]/Proceedings
of the Laser Materials Processing Conference
and Laser Microfabrication Conference. Orlando:
Laser Institute of America, 2001: 1815-1824.

[28] AR KFEOLHANIM THABIS
[D]. WAZRIE: MR Tl K%, 2008.

LI Ling. Study on water-jet guided laser
micromachining technology[D]. Harbin: Harbin
Institute of Technology, 2008.

[29] HHRTY. BT ELK SR S5 I OEn T
RGO S B RBISE[D]. 1T JE]
K2, 2009.

YE Ruifang. Research on the optical
properties and key technologies of a novel water
jet guided laser processing system[D]. Xiamen:
Xiamen University, 2009.

[30] WANG J, CHEN C G, WANG G L,
et al. Efficient coupling of dual beam combined
laser into micro water jet for deep processing[J].
Scientific Reports, 2025, 15: 1083.

[31] ZHANG Y N, QIAO H C, ZHAO J
B, et al. Research on the mechanism of micro-
water jet-guided laser precision drilling in metal
sheet[J]. Micromachines, 2021, 12(3): 343.

[32] FhTIF, IR, BRI, S KA G
OGN T AR 1 J5 RS 4 SR (1. o 1 98
Jt, 2025, 52(14): 1402102.

SU Zihuai, SUN Shengzhi, QIAN Bin, et al.
Progress in the principle and applications of water-
assisted laser machining technologyies[J]. Chinese
Journal of Lasers, 2025, 52(14): 1402102.

[33] TR #x, IMEE, KR
PO B B S O 4 ] R 2 ). T O,
2025, 52(14): 1402104.

SU Zewen, JIANG Jialiang, SUN Shengzhi,



Laser Machining %%MI

et al. Development of microjet control technology
for water jet guided laser machining[J]. Chinese
Journal of Lasers, 2025, 52(14): 1402104.

[34] FEIKHE, THE Rk, 45 /K FHOLH
I M SAFFE L), T O, 2022, 49(10):
1002404.

WANG Shuiwang, DING Ye, CHENG Bai,
et al. Mechanism and research advances of water-
jet guided laser micromachining[J]. Chinese
Journal of Lasers, 2022, 49(10): 1002404.

[35] NIESL,WUR,JIH, etal. Cavitation
characteristics of water guided laser nozzle on
water jet fiber stability[J]. Physics of Fluids, 2025,
37(3): 033601.

[36] TABIE V M, KORANTENG M O,
YUNUS A, et al. Water-jet guided laser cutting
technology- an overview[J]. Lasers in Manufacturing
and Materials Processing, 2019, 6(2): 189-203.

[37] PERROTTET D, HOUSH R,
RICHERZHAGEN B, et al. Heat damage-free
laser-microjet cutting achieves highest die fracture
strength[J]. Photon Processing in Microelectronics
and Photonics 1V, 2005: 285-292.

[38] ikl LT 5. ZRem K
SO TR JRREBL[I]. b R P
2 1% K, 2020, 50(3): 034203,

LU Xizhao, JIANG Kaiyong. Research and
application development of compound energy
field processing: laser microjet[J]. Scientia Sinica
Physica, Mechanica & Astronomica, 2020, 50(3):
034203.

[39] LIAO Z R, XU D D, AXINTE D,
et al. Surface formation mechanism in waterjet
guided laser cutting of a Ni-based superalloy[J].
CIRP Annals, 2021, 70(1): 155-158.

[40] XU, IMRAS, SKWIIH, 45 25 e
Gt HOE- AR S S HOR SR 3], A
Zs il AR, 2025, 68(1/2): 73-88.

LIU Yang, SUN Junjie, ZHANG Chaoyang, et
al. Summary of laser-liquid coupling manufacturing
technology under the action of composite energy
field[J]. Aeronautical Manufacturing Technology,
2025, 68(1/2): 73-88.

[41] HUTR, YUAN S M, WEI J Y, et
al. Water jet guided laser grooving of SiC;/SiC
ceramic matrix composites[J]. Optics & Laser
Technology, 2024, 168: 109991.

[42] Al'Y W, DONG G Y, YUAN P C, et
al. The influence of keyhole dynamic behaviors
on the asymmetry characteristics of weld during
dissimilar materials laser keyhole welding by
experimental and numerical simulation methods[J].
International Journal of Thermal Sciences, 2023,
190: 108289.

[43] ZHAO W, YU Z, HU J. Numerical
simulation and experimental analysis on nanosecond

laser ablation of titanium alloy[J]. Journal of
Manufacturing Processes, 2023, 99: 138-151.

[44] YANG LJ, WANG M L, WANG Y, et
al. Numerical and experimental research on water-
jet guided laser micromachining[J]. Materials
Science Forum, 2009, 626-627: 297-302.

[45] ZHANG Y N, QIAO H C, ZHAO J
B, et al. Numerical simulation of water jet-guided
laser micromachining of CFRP[J]. Materials Today
Communications, 2020, 25: 101456.

[46] JIAO H, ZHANG G H, HUANG P, et
al. A multiphase flow model simulation of water
jet-guided laser drilling in 304 stainless steel[J].
Journal of Manufacturing Processes, 2024, 120:
170-191.

[47] JAOH, LIUQY, ZHANG G H, etal.
Numerical investigations of water jet-guided laser
cutting of silicon[J]. Journal of Laser Applications,
2024, 36(1): 012025.

[48] WANG S W, DING Y, LI Y, et al.
Investigations on the water-jet guided laser scribing
of thermal barrier coated 1C21 nickel-based
superalloy[J]. Optics & Laser Technology, 2024, 170:
110155.

[49] CHENG N, YANG S L, LI YL, et
al. Water-guided laser processing mechanism and
frontier research[J]. The International Journal
of Advanced Manufacturing Technology, 2025,
139(11): 5279-5303.

[50] Mk, ERE, £RIE, S5 K SO
TP O R e AR 5 ik A
). TP RO, 2025, 52(14): 1402105.

FENG Fei, DAI Ye, QIAN Bin, et al.
Effect of laser parameters in water-jet guided
laser processing and its application in precision
manufacturing[J]. Chinese Journal of Lasers, 2025,
52(14): 1402105.

[51] ZHANG Y N, QIAO H C, ZHAO J
B, et al. Research on the influence of the jet flow
regime in the kerf on the cutting surface accuracy
in WIGL[J]. Materials Today Communications,
2023, 35: 105503.

[52] LIUY, WEI MR, ZHANG T, et al.
Overview on the development and critical issues
of water jet guided laser machining technology[J].
Optics & Laser Technology, 2021, 137: 106820.

[53] SHAO K, ZHOU Q L, CHEN Q S,
et al. Research progress of water—laser compound
machining technology[J]. Coatings, 2022, 12(12):
1887.

[54] SUBASI L, GOKLER M I,
YAMAN U. Real-time measurement of laser
beam characteristics for a waterjet-guided laser
machine[J]. The International Journal of Advanced
Manufacturing Technology, 2022, 122(11): 4309-
4320.

[55] PMNEERE, FAKHE, WIT 35, 4. K2
JeHE AL AL S NI IR (R[],
[F#0, 2025, 52(14): 1402101.

SUN Jincong, WANG Shuiwang, XIE
Wanda, et al. Research status of coupling,
transmission mechanism and application of water-
guided laser(invited)[J]. Chinese Journal of Lasers,
2025, 52(14): 1402101.

[66] FKIEHK, LBk, el A LGN
KGO HOK R P 1 8 R B[], 306
R, 2024, 48(2): 216-222.

ZHANG Xiaobin, SHI Tielin, LONG Hu.
Study on the influence of cavitation on the stability
of water-guided laser micro-water beam[J]. Laser
Technology, 2024, 48(2): 216-222.

[57] Ak, R0, TR, 45 TR
WO 47 T N T D7 ELOFE (). O
7R, 2020, 44(6): 754-761.

YANG Linfan, JIAO Hui, HUANG Yuxing,
et al. Simulation study of the flow field in the
plane convergent nozzle based on the water guide
laser[J]. Laser Technology, 2020, 44(6): 754-761.

[68] skZHH, H . — B s 25ty
Fob/INRUBE SR BRI []. SO, 2025, 49(3):
458-462.

ZHANG Jiaming, GAN Zhiyin. Influence of
a new type of nozzle structure on small scale jet[J].
Laser Technology, 2025, 49(3): 458-462.

[59] BAOBY, ZHANG G Y, CHEN Z A,
et al. Splashing effects and mechanism in water jet-
guided laser processing of C;/SiC composites[J].
Journal of Materials Processing Technology, 2025,
335: 118671.

[60] GUO B, ZHANG J, WU M T, et al.
Water assisted pulsed laser machining of micro-
structured surface on CVD diamond coating tools[J].
Journal of Manufacturing Processes, 2020, 56:
591-601.

[61] LIANGJ S, QIAO H C, ZHAO J
B, et al. Study on fluid flow characteristics and
laser transmission mode of water jet-guided laser
processing in blind hole[J]. The International
Journal of Advanced Manufacturing Technology,
2023, 129(3): 1717-1730.

[62] k)3, WRH, BKIE, & K-S
SOCHLEF B 5P ], fin LS RA,
2020(1): 47-51.

ZHANG Guangyi, CHAO Yang, ZHANG
Zheng, et al. Simulation and experimental study on
water—gas shrinkage light guiding mechanism[J].
Electromachining & Mould, 2020(1): 47-51.

[63] LIY, WANG S W, DINGY, et al.
Investigation on the coaxial-annulus-argon-assisted
water-jet-guided laser machining of hard-to-process
materials[J]. Materials, 2023, 16(16): 5569.

[64] LIANGJ S, QIAO H C, ZHAO J B,

20264F 5695 4] - BiatlliERA 101



- . .
—— Wi FORUM

et al. Simulation and experimental study on double
staggered-axis air-assisted water jet-guided laser
film cooling hole machining[J]. Optics & Laser
Technology, 2025, 181: 112057.

[65] MR, Je iR, WA, AR KRS
51 i T3 BOE B BN 43 BT[], OB HCR,
2023, 47(5): 672-677.

ZHAO Zhen, LONG Yuhong, HUANG
Yuxing, et al. Thermal effect analysis of water-
jet guided high-power laser[J]. Laser Technology,
2023, 47(5): 672-677.

[66] ZHAO C, ZHAQO Y G, ZHAO D D,
et al. Annular gas-assisted water-jet guided laser
manufacturing groove structure of Inconel 718
alloy[J]. The International Journal of Advanced
Manufacturing Technology, 2023, 128(9): 3969-
3982.

[67] STEEN W M, MAZUMDER J. Laser
material processing[M]. London: Springer London,
2010.

[68] K&, PMEEZ, ML, A5 K S
SRS I T T 2R e (R [9]. P O,
2025, 52(14): 1402103.

ZHANG Yulu, SUN Shengzhi, DAI Ye, et
al. Research progress on water-jet laser precision
processing technology(Invited)[J]. Chinese Journal
of Lasers, 2025, 52(14): 1402103.

[69] LIYJ, ZHAO GY, YU S, et al.
Research progress on the mechanism and application
of water jet-guided laser precision machining[J]. The
International Journal of Advanced Manufacturing
Technology, 2025, 139(11): 5339-5362.

[70] ZE¥1R, 2500, THE 55 K S0t
I G IR LAY 5 AR R A 5E[]. db 3T
KEF2AR, 2022, 42(1): 36-45.

L1 Jingyi, LI Yuan, DING VYe, et al. Research
on the selection of light source and material
removal in water jet guided laser processing[J].
Transactions of Beijing Institute of Technology,
2022, 42(1): 36-45.

[71] R, BFE, B 55 K S0
AR MR R AR A AT 0], O S
JeHL F2F I, 2021, 58(17): 1722002,

LIANG En, HUANG Yuxing, JIAO Hui, et
al. Comparative analysis of laser focusing modes
applicable to water jet guided laser[J]. Laser &
Optoelectronics Progress, 2021, 58(17): 1722002.

[72] HUANGY X, LIANG E, ZHANG G H,
et al. Research on laser beams focusing and coupling
technology of water jet guided laser with high
adjustment tolerance[J]. Optics Communications,
2022, 508: 127677.

[731 T/NEE, ¥, EkE, 5 100 W
ICANRD IR b OGLT R 4 11532 nmZot oL %
[3]. I FRERlaE 4R, 2023, 57(S1): 281-288.

DING Xiaokang, XU Chang, WANG

102 RS EAR - 20264E 55698 55 410]

Zhimin, et al. 100 W long nanosecond pulse fiber
coupling output 532 nm green laser[J]. Atomic
Energy Science and Technology, 2023, 57(S1):
281-288.

[74] WU R, NIE S L, JI H, et al. Effect
of multi-parameter optimization of water-laser
coupling device and nozzle geometry on the
stability of water-guided laser beam[J]. Physics of
Fluids, 2024, 36: 013620.

[75] ZHANG G H, HUANG Y X, HUANG
P, et al. Study on the coupling characteristics
of water-jet guided high-power laser based on
negative defocus coupling alignment method[J].
Applied Physics B, 2024, 131(1): 6.

[76] COUTY P. Laser coupling with
a multimode water-jet waveguide[J]. Optical
Engineering, 2005, 44(6): 068001.

[77] DENG C, YEO H, KI H. Electrodynamic
simulation of laser beam propagation in waterjet-
guided laser processing[J]. Optics Express, 2020,
28(8): 11128-11143.

[78] MAn, EWEEE, s, 5 K S
JEHL 37 53 A B A3 BT SO B W S [). ik e
AREHLE, 2023(12): 73-78.

CHENG Bai, MAO Xiaobo, SHI Jianmeng,
et al. Theoretical and experimental research on
electric field distribution of laser water jet[J].
Manufacturing Technology & Machine Tool,
2023(12): 73-78.

[79] sKOGHE, BT A, oV, & KS
JEHAR KA AL BB DF I 0], WotHL
A, 2022, 46(6): 749-754.

ZHANG Guanghui, HUANG Yuxing,
HUANG Ping, et al. Study on energy transmission
law of water-laser coupling in water-jet guided
laser technology[J]. Laser Technology, 2022,
46(6): 749-754.

[80] ZHAO Z, ZHANG G H, HUANG Y
X, et al. Water jet guided high-power laser energy
transmission loss analysis[J]. The International
Journal of Advanced Manufacturing Technology,
2024, 130(11): 5379-5389.

[81] ZHANG GY, ZHANG Z, WANG Y F,
et al. Gas shrinking laminar flow for robust high-
power waterjet laser processing technology[J].
Optics Express, 2019, 27(26): 38635-38644.

[82] ZHANGY N, QIAOH C, ZHAQ J B,
et al. Numerical simulation of the stability of water
fiber-optic in water jet-guided laser machining[J].
Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical
Engineering Science, 2022, 236(13): 7140-7150.

[83] WU Y W, ZHANG G Y, WANG J X,
et al. The cutting process and damage mechanism
of large thickness CFRP based on water jet guided
laser processing[J]. Optics & Laser Technology,

2021, 141: 107140.

[84] ZHAO C, ZHAQO Y G, ZHAO D D,
et al. Modeling and prediction of water-jet-guided
laser cutting depth for inconel 718 material using
response surface methodology[J]. Micromachines,
2023, 14(2): 234.

[85] CHENG B, DING Y, LI1Y, et al.
Theoretical and experimental investigation on SiC/
SiC ceramic matrix composites machining with
laser water jet[J]. Applied Sciences, 2022, 12(3):
1214.

[86] EAEHT, FMESC, TR, AL BREF
A3 50 5 G M ORK SO RN 05T 0).
R EHL T FE, 2021, 32(13): 1608-1616.

WANG Jianxin, WU Yaowen, ZHANG
Guangyi, et al. Experimental research of CFRP
cutting by using water jet guided laser processing[J].
China Mechanical Engineering, 2021, 32(13): 1608—
1616.

[87] WRiZE, fumiss, sk X, 45, Beer 4t
SRR G WS AP RK O T B R AL
WFFE[). HH MR T2, 2024, 35(4): 700-710.

CHEN Zhongan, BAO Binying, ZHANG
Guangyi, et al. Study on damage mechanism of
water jet guided laser cutting of CFRP[J]. China
Mechanical Engineering, 2024, 35(4): 700-710.

[88] CHAOY, LIUY Z, XU Z F, et
al. Improving superficial microstructure and
properties of the laser-processed ultrathin kerf in
Ti-6AI-4V alloy by water-jet guiding[J]. Journal
of Materials Science & Technology, 2023, 156:
32-53.

[89] ELKINGTON H, DIBOINE J,
CHINGWENAK, et al. Water jet guided nanosecond
laser cutting of CFRP[J]. Optics & Laser Technology,
2024, 171: 110460.

[90] ESRHR, Makidm, k) 3, A5 K
TOGCFRP F1 M E 35 8 T N FE 52 i L3
[3]. W EEOE, 2025, 52(14): 14021009.

WANG Zonglian, YANG Peirui, ZHANG
Guangyi, et al. Morphological evolution of deep
grooves in water-guided laser cutting of CFRP and
its influence mechanism[J]. Chinese Journal of
Lasers, 2025, 52(14): 1402109.

[91] YU S, ZHAO G Y, LI Y J, et al.
Mechanism and process optimization of GH4169
superalloy water-jet guided laser micro-hole
processing[J]. Optics & Laser Technology, 2025,
192: 113761.

[92] EKHE, Wik, THE, 45 DD64
SMILK FEOEIN T T2 &R T.0%
JnT), 2023(9): 1-5.

WANG Shuiwang, XIE Wanda, DING Ye,
et al. Water-guided laser processing technology of
DD6 alloy micropores[J]. Metal Working, 2023(9):
1-5.



Laser Machining %%MI

[93] WANG SW, XIEW D, DING Y, et
al. Investigations on the Water-Jet Guided Laser
drilling film cooling holes on the 8.5 mm-thick
TBC superalloy[J]. Journal of Manufacturing
Processes, 2024, 125: 374-388.

[94] TUKX, FrL4LE, EiAHE, . mil
& 4 GHA1697K T HOL A FL L Z R 5EL].
WG S5404b, 2022, 52(4): 508-514.

YU Yongfei, QIAO Hongchao, CAO Zhihe,
et al. Research on process characteristics of water-
guided laser drilling for superalloy GH4169[J].
Laser & Infrared, 2022, 52(4): 508-514.

[95] JHBJGi, B, B SCH, AF K S
JEIN T.SIC,/SICHE & F 52 A F BHINLIY T. 2
WEE[I]. SO, 2025, 52(14): 1402106,

XING Guanghao, BAO Yan, YIN Wendian,

et al. Water-jet guided laser processing of small
holes in SiC;/SiC ceramic matrix composites[J].
Chinese Journal of Lasers, 2025, 52(14): 1402106.

[96] HEANI, M, TG, 4. SiC/SiC
BA MR ER AR L /INL O I T 5E].
A FREAR, 2025, 42(7): 40104023,

DONG Zhigang, YANG Feng, XING
Guanghao, et al. Laser processing of small holes
with large aspect ratio in SiC;/SiC composites[J].
Acta Materiae Compositae Sinica, 2025, 42(7):
4010-4023.

[97] RASHED C A A, ROMOLI L,
TANTUSSI F, et al. Water jet guided laser as an
alternative to EDM for micro-drilling of fuel injector
nozzles: A comparison of machined surfaces[J].
Journal of Manufacturing Processes, 2013, 15(4):

524-532.

[98] HUH M, LIUCY, SU Z H, et al.
Crystallization-resistant water-jet guided laser
processing of Cu46Zr46Al8 amorphous alloy via
thermally suppressed strategy[J]. Intermetallics,
2025, 182: 108789.

[99] PAUCHARD A, VAGO N,
RICHERZHAGEN B. Experimental
micromachining results using a UV laser with
the laser microjet®[C]//3rd Pacific International
Conference on Laser Materials Processing, Micro,
Nano and Ultrafast Fabrication. Orlando: Laser
Institute of America, 2008: 709-714.

[100] SYNOVA. Application of tool[EB/
OL]. [2025-11-21]. https://www.synova.ch/
applications/toolmanufacturing.html.

Waterjet-Guided Laser Precision Processing of Difficult-to-Machine Materials
in Aerospace Applications: A Review
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ZHANG Wenwu**?
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[ABSTRACT] With the rapid advancement of aerospace technology, difficult-to-machine materials such as high-strength
alloys, ceramics, and composites have gained widespread application. But traditional machining methods struggle to meet
the demands for high-quality processing. Waterjet-guided laser processing technology, with its advantages of high precision
and low damage, addresses the shortcomings of tool wear and large heat-affected zones inherent in conventional mechanical
machining and laser machining, demonstrating significant application potential. Therefore, this paper systematically reviews
the working mechanisms and practical applications of waterjet-guided laser processing technology for difficult-to-machine
materials in the aerospace field. First, it elaborates on the fundamental principles of waterjet-guided laser processing, the
multi-field coupling material removal mechanism, and comprehensively introduces the core components of the waterjet-
guided processing system. Second, it delves into its multidimensional working mechanisms from three dimensions:
water jet characteristics, optical properties, and water-optical coupling characteristics. Subsequently, it comprehensively
summarizes research progress in cutting and hole-making processes for “difficult-to-machine materials” using waterjet-
guided laser technology. Finally, it explores typical application scenarios of this technology in precision machining, based
on current research status, and outlines future development trends for waterjet-guided laser precision machining technology.
Keywords: Waterjet-guided laser; Water-laser coupling; Removal mechanism; Process research; Aerospace
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