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Abstract: Film cooling holes (FCHs) have been widely used in turbine blades of air engines, playing a vital role in raising
the engine service temperature. Electrodischarge machining (EDM) has become one of the main methods for processing
FCHs with high efficiency and quality. However, the recast layer (RL) is usually inevitable around the FCHs by EDM,
which is formed by the ultrafast solidification of the molten metal during processing. Research on RL has gained important
attention in the aviation field because it affects not only the cooling efficiency but also the service performance of blades.
This paper summarizes the research progress of FCHs and RL processed by EDM and introduces the evolution and
microstructure characteristics of the recast layer. At the same time, with the goal of processing “FCHs without RL”, we
review some process optimization methods for processing FCHs by EDM. All the studies show that an understanding of the
RL is beneficial to further utilize process optimization to control and eliminate the RL thickness.
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Fig.1 The film cooling holes (FCHs) on the surface of the engine turbine blades!®
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Fig.2 Appearance of the FCHs under different processing methods™!”
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Fig.3 Principle of electro-discharge machine (EDM) and formation of thermal damage layer
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Fig.4 Recast layer around the air film cooling hole
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Fig.5 Microstructure of the recast layer and matrix around the film cooling hole and chemical composition, two-phase fraction and
hardness as a function of the distance from the hole edge™
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Fig.6 The film cooling hole and recast layer by EDM and EDM+ECME*
4 b
o
’ 9

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

138]

http://www.cnki.net



(

210/2022 )

- 861 -

(1]

(2]

[3]

[4]

[3]

(]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

HAN J C, DUTTA S, EKKAD S. Gas turbine heat transfer and
cooling technology[M]. USA: CRC press, 2012.
[D].

,2014.
WIEGHARDT K. Hot-air discharge for de-icing, FTS-919-Re[R].
Wright Field, USA: Air Mat. Com., 1946: 1-44.
Goldstein R J. Film cooling[M]//Advances in heat transfer. USA:
Elsevier, 1971, 7: 321-379.

[J1. ,2016(22): 26-31.
BUNKER R S. A review of shaped hole turbine film-cooling tech-
nology[J]. Journal of Heat Transfer, 2005, 127(4): 441-453.
BUNKER R S. Film cooling science and technology for gas tur-
bines: State-of-the-art experimental and computational knowl-
edge[M]. Belgium: Von Karman Institute for Fluid Dynamics,
2007.

[J]. ,2018, 61(13): 16-25.
s . [J1.
,2011, 54(13): 71-74.
s s . [J].
,2021, 64(18): 34-45.

NEWTON T R, MELKOTE S N, WATKOINS T R, et al. Investi-
gation of the effect of process parameters on the formation and
characteristics of recast layer in wire-EDM of Inconel 718[J]. Ma-
terials Science and Engineering: A, 2009, 513: 208-215.
RAMASAWMY H, BLUNT L, RAJUKAR K P. Investigation of
the relationship between the white layer thickness and 3D surface
texture parameters in the die sinking EDM process[J]. Precision
Engineering, 2005, 29(4): 479-490.
KLIUEV M, BOCCADORO M, PEREZ R, et al. EDM drilling and
shaping of cooling holes in Inconel 718 turbine blades[J]. Procedia
Cirp, 2016, 42: 322-327.
GAMAGE J R, DESILVA A K M, HARRISON C, et al. Ascertain-
ing life cycle inventory data for electrical discharge machining[J].
Procedia CIRP, 2016, 41: 908-913.
LEEHT, HSUF C, TAI T Y. Study of surface integrity using the
small area EDM process with a copper-tungsten electrode[J]. Ma-
terials Science and Engineering: A, 2004, 364(1-2): 346-356.
TANG J, YANG X. A novel thermo-hydraulic coupling model to
investigate the crater formation in electrical discharge machining
[J]. Journal of Physics D: Applied Physics, 2017, 50(36): 365301.
TANG J, YANG X. Simulation investigation of thermal phase
transformation and residual stress in single pulse EDM of Ti-6Al-4V
[J]. Journal of Physics D: Applied Physics, 2018, 51(13): 135308.
CUSANELLI G, HESSLER-WYSER A, BOBARD F, et al. Mi-
crostructure at submicron scale of the white layer produced by

EDM technique[J]. Journal of Materials Processing Technology ,

2004, 149(1-3): 289-295.

[19] MURRAY J W, FAY M W, KUNIEDA M, et al. TEM study on the

[20]

[21]

[22]

[23]

[24]

electrical discharge machined surface of single-crystal silicon [J].
Journal of Materials Processing Technology, 2013, 213(5): 801-809.
LIUJF,GUO Y B, BUTLER T M, et al. Crystallography, compo-
sitions, and properties of white layer by wire electrical discharge
machining of nitinol shape memory alloy[J]. Materials & Design,
2016, 109: 1-9.

LI C, ZHANG B, L1Y, et al. Self-adjusting EDM/ECM high speed
drilling of film cooling holes[J]. Journal of Materials Processing
Technology, 2018, 262: 95-103.

DONG T, GAO C, LI L, et al. Effect of substrate orientations on
microstructure evolution and stability for single crystal superalloys
in rapid solidification process[J]. Materials & Design, 2017, 128:
218-230.

SHANG Y, ZHANG H, HOU H, et al. High temperature tensile be-
havior of a thin-walled Ni based single-crystal superalloy with
cooling hole: In-situ experiment and finite element calculation[J].
Journal of Alloys and Compounds, 2019, 782: 619-631.

XAVIOR M A, ASHWATH P, ALI H, et al. Effect of recast layer
thickness on the mechanical characteristics of INCONEL 718 ma-
chined by spark EDM process [J]. Materials Today: Proceedings,
2018, 5(2): 8249-8255.

[25] WEN Z, L1 Z, ZHANG Y, et al. Surface slip deformation character-

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

istics for perforated Ni-based single crystal thin plates with square
and triangular penetration patterns[J]. Materials Science and Engi-
neering: A, 2018, 723: 56-69.

LI Z, GAO H, WEN Z, et al. Microcrack initiation behavior around
film cooling holes in a Ni-based single crystal: In situ observation
and crystal plastic analysis[J]. Materials Science and Engineering:
A, 2020, 771: 138609.

LI Z, WEN Z, GU 8, et al. In-situ observation of crack initiation
and propagation in Ni-based superalloy with film cooling holes
during tensile test[J]. Journal of Alloys and Compounds, 2019,
793: 65-76.

WANG Z Q, LI C J, TONG H, et al. Development of EDM equip-
ment for machining film cooling holes[C]//Applied Mechanics and
Materials. Beijing: Trans Tech Publications Ltd., 2015, 722:
285-290.

LICJ,LI'Y, TONG H, et al. An EDM pulse power generator and
its feasible experiments for drilling film cooling holes[J]. The In-
ternational Journal of Advanced Manufacturing Technology, 2016,
87(5): 1813-1821.

LIUHS, YAN B H, HUANG F Y, et al. A study on the characteri-
zation of high nickel alloy micro-holes using micro-EDM and their
applications[J]. Journal of Materials Processing Technology, 2005,
169(3): 418-426.

LIU H S, YAN B H, CHEN C L, et al. Application of micro-EDM
combined with high-frequency dither grinding to micro-hole ma-
chining[J]. International Journal of Machine Tools and Manufac-
ture, 2006, 46(1): 80-87.

s 5 >

. ,2004, 17(3): 44-50.

http://www.cnki.net



Vol.43 No.10

<862 FOUNDRY TECHNOLOGY Oct. 2022
[D]. : ,2018. perature nickel alloy[J]. Advanced Science Letters, 2013, 19(8):
[34] , . 2240-2244.
7. ,2020, 48(4): 71-74, 85. [37] WANG J, FU C, JIA Z. Cutting of hard and brittle insulating mate-
[35] s s . - rials usingspark dis-charge-assisted diamond wire sawing[J]. Jour-
[J1. ,2010(2): 33-37. nal of Materials Processing Technology, 2018, 252: 225-232.
[36] ZENG Z, WANG Y, HE X, et al. Performance study of micro-elec- [38] s . -
trical discharge machining and micro-electrochemical machining [J1. ,2018, 61(3): 16-22.

combined machining for 3D micro-structures based on high-tem-

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



