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Fig.1 Picosecond level ultrashort pulse CNC machine
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Fig.2 Surface ablation morphology at single pulse energies
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Fig.3 Primary pore type, surface ablation and surface splatter morphology at

single pulse energy
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Fig.4 Step by step drilling schematic
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Fig.5 Deep field micrograph of five kinds of

pores on nickel-based single crystal processed
by low-power
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Fig.6 Pore set accuracy and ablation band measurements
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Fig.8 Metallography of nickel-based single crystal surface residue detection in

horizontal direction

Fig.9 Metallography of nickel-based single-crystal cavity surface integrity test processed
by low-power
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Fig.10 Deep field micrograph of five kinds
of pores on nickel-based single crystal
processed by more power

1000 pm
L

50 pm

Bl ANEREARGFLRETE RN EHEE
Fig.11 Metallography of nickel-based single crystal hole surface integrity test processed by
high-power
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Fig.13 Metallographic pictures of EDM film hole processing
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Fig.16 High-temperature low-cycle fatigue specimen, fixture physical picture
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Research on Surface Integrity of Ni-Based Single Crystal Materials in Picosecond
Ultrashort Pulsed Laser Gas Films

LIU Ruijun, HUAN Heng, LI Weijian, LI Guangze, WEI Tingli, MA Yongyue
(AECC Shenyang Liming Aero-Engine Co., Ltd., Shenyang 110043, China)

[ABSTRACT]| Aiming at the film cooling holes machining of nickel-based single crystal material by picosecond ultra-
short pulsed laser, physical depth of field microscope is used to determine the geometry of the film cooling holes, mean-
while the cavity lumen surface of the membrane pore is observed by optical microscopy. Performances of porous film
samples prepared by two processes of picosecond ultrashort pulsed laser and electric discharge using high temperature and
low cycle fatigue equipment are compared, and specimen fracture is analyzed by scanning electron microscope (SEM) to
evaluate the performance. The results show that the entering and exiting holes surface can avoid ablation by picosecond ul-
trashort pulsed laser processing step by step and effective control of energy density. While the geometric accuracy can meet
the design specifications, also there is no remelting layer, intermittent beads,arcing and micro-cracks and other defects in
the cavity. Besides, the surface integrity of the film holes after processing could be effectively improved. The comparative
tests of high temperature low cycle fatigue performance of picosecond ultrashort pulsed and EDM film show that the cycle
number of sample perforated by picosecond ultrashort pulsed laser is as many as three times that of EDM. SEM of high
temperature low cycle fatigue fracture shows that the two kinds of processing specimens are cleavage fracture, without met-
allurgical defect, the remelting layer formed by EDM drilling may contribute to the fracture, and there is no obvious remelt-
ing layer in ultrashort pulsed laser drilling.

Keywords: Cooling holes; Nickel-based single crystal; Surface integrity; Ablation threshold; Low cycle fatigue
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