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Abstract: Film cooling holes are important cooling structures on aero-engine turbine blades. Lasers can fabricate
high-precision film cooling holes on complex turbine surfaces. The recast layer produced during laser machining will
reduce the cooling effect. Although ultrafast lasers are usually regarded as “cold” processing, thermal damage can also
occur in high-power and high-repetition rate ultrafast lasers. The focus of laser processing film cooling hole technology is
multifaceted, and the formation mechanism of the recast layer and its inhibition method are key points of laser processing
film cooling hole technology. At present, research on laser processing of the recast layer of film cooling holes focuses on
the influence of parameters. Some achievements have been made in the research of laser processing of the recast layer of
film cooling holes, but the formation mechanism of the recast layer has not yet been solved. It is possible to characterize
and analyse the recast layer from its metallographic structure and element composition. This paper introduces the
processing principle and status of laser processing of film cooling holes. Then, it summarizes the relevant research on the
recast layer of microholes and finally the current theoretical research on the formation mechanism of the recast layer.
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Fig.1 Aeroengine turbine blade: (a) hole distribution, (b) blade profile, (c) film cooling principle!®”
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Fig.2 Diagram of laser pulse shape: (a) square pulse, (b) actual pulse!™
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Fig.4 Recast layer and microcracks on the hole sidewall!'”
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Tab.1 Machining morphology of three materials under different repetition frequency laser

Materials Processing Results References
100 kHz 400 kHz 600 kHz 200 kHz 300 kHz
Stainless steel [25-27]

Single pulse energy: 30 wJ Single pulse energy: 50 p.J
10 kHz 20 kHz 30 kHz 40 kHz

Inconel 718 [28]

Trepanning for 500 rounds
30kHz 300 kHz 5kHz 30 kHz 60 kHz 150 kHz
Ti-based alloy [29]
Pulses: 6x10° 2x10* 6x10° 6x10° 1.5x10° 9x10*
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Fig.7 Laser ablation topography and temperature contour map™
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Fig.10 Molten pool with different ultrasonic vibration velocities™*’!
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Fig.11 Evolution process of laser drilling in the SPH model*”

K12 55 10 D ROFHBOG ALK 5 i A B
Fig.12 Hole evolution after the tenth ps-laser pulse®!

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



« 786 - FOUNDRY TECHNOLOGY

Vol.44 No.09
Sep. 2023

PRI B AT I G S e e g R Tk ) AE
MAERE, TR IR A S AR K O
FLI = F AR R TR 8 i T A R R R
BT R Py BN ) SR ER 5 BLAE SRR S
JETEFLIF T4 43 A5 B0 JEE 5 LIk 9 K, il FLUS T
R P 2 5 R AN 13 BT B9 ) B AR R 5
HA RSS2 BAH R, S R AN, Gi-
rardot A5 5 T — i AL 5 [/ WSRO
AR S 6T A F AR 4 1 2 B X R A AR
‘B FRASEAEL 285 SR TG T R AT A S 50 R T B RS 43l
HAE . Singh EESI MBS RLE MR &, IR T
Ti-6A1-4V k& 4 1 HL IR 5 30T R S AR 408 TR AR
PR T, XA RO T FLAS AL UEA TAE IE | 5 78 I 3
filt 1 HRSE T RER B DK SE S B, K 14 2
Zhai S5 FHENT 94T BROCHE A 2 B T VBRI 2 RN 4
R Z A5, BRI O L R bk b g 5 fL A
(R DG 2 DA K 7 43 A, I I 43 T L AN
LG0T AL, S kO T2 2 AR 244
TSR TS SR A AL A Y 5 R AR, T
110 A Yang S5 2 W B ARG 1 AR B
K BESL T KBRS AR B FH R S A A
WFSE T K 5 7 3O SOn T 3 7 v 0 o T A R 3l
Yoy A, K SO TR B ST R AL T BIE ER
James 55 1SVH] FY R %l B O 3O TR ARLR 58 T K
JEAENN T3 B P A A D T IR S 7K 2 v & 2R
MR B A | a7 T AR B O Tad R i &2

ZHLE

g b EAE )R AT i i I 0] J (G AR T AR
D) HL 2 ) RBE /N G R AOR 2 , 3 L S e AR
FH o A v R A2 AL D BT PO T, &
iE 75 1% 18] 5, RE 0% WL 10 IR 285 55 R 1, 0N T F
REHENEZ TR —, NEEEZ N RE
IT . RS A LBk R AR BT 5 A 2 AT R A T
EF

R0 o TR A7 e R R, B 5 H TR 2%
D5 B AL T A BROCEEAY | 200 1+ R f 22 1k
AN A5 2 S AR R T R & R IR, ARG
FRAESE LU T B0 T 3l W A B 0 L H AR TR
B uR Tl AR N NIDE TR DAY e N A L E s 3
A ABEADGE AL T, 2y B R HE S B AE
S5 SR N AR LR A AR 22 0 K, O T RIE s
S WSS o 5 LI (), 2 TR A B A A
AR A e, AN AR BEIOL 6 TR 48 X ) w85 397 7
Ay, BFREAT R A S — 2Rl T PR A 2 0 R R Y 25 X
PRET A T S B b X 4 26 P R ARMEA B JF HAT A
FIE 20 X fe 2N T4 R B2 S E B AR T
7 FURE R T 58 ) Aol 7 2 A ST A R S A A i
b BTN RV RO AR B 5 5 Bk A S s
FAF T ATRE B 22 o PRI 0 B0 T AR R ST EE
Ve JR W Z7 ik (A BEOUKEE D B AT IS, R 2
Bl BRI AR 22 A ST S PR T 25 2R 5 05 B 45 2R X iR
FLARALE , X ARARAT 211

Bl 13 ARSI Bk 5 80 i T 00 7 45 2 43 45 < (a) 20 ns, (b) 50 s, (c) 100 ns™
Fig.13 Recast layer distribution in laser processing with different pulse widths: (a) 20 ns, (b) 50 ns, (¢) 100 ns™
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Fig.14 Thermal barrier coating structure and laser drilling results"
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Fig.15 SEM images of recast layers by different machining methods: (a) laser direct processing, (b) water guided laser processing!®”
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Fig.16 Laser single-channel fused lap on DZ125 alloy: (a) cross-section, (b) X-ray diffraction pattern™
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51 17 N263 JH42 45K MOW L 41 (a) B WIEAR , (b) B4, (c) ASZ I [X, (d) Ht4E
Fig.17 Microstructure of the N263 weld joint: (a) macromorphology, (b) basic material, (¢) heat affected zone, (d) welding seam™
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Fig.18 XPS energy spectrum test and optical observation results: (a) air, (b) vacuum, (c¢) underwater!
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Fig.19 EDS results of different areas for machining holes in air: (a) oxide layer, (b) recast layer, (c) heat affected zone, (d) substrate!®
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Fig.20 EDS results of substrate, splash and recast layer: (a) splash and substrate, (b) recast layer and substrate!'”
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Fig.21 Morphological distribution of residual melt with different pulse widths: (a) 0.5 ms, (b) 1.5 ms, (¢) 2.5 ms™
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Fig.22 Modelling results during the millisecond laser drilling process with a pulse width of 1.0 ms: (a) temperature field of the parent
metal, (b) flow field of the melt™
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Fig.23 Comparison of the morphology of the recast layer between simulation and experimental results”
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Fig.24 Prediction of recast layer thickness: (a) assist gas pressure & laser current, (b) assist gas pressure & stand-off-distance!
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