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Surface Crack Removal by EDM for Inside Cooling Hole
of Gas Turbine Blade

Sin Ho Kang”, Dae Eun Kim®

ABSTRACT

The first stage rotating blade of industrial gas turbine is one of the components that is normally run in exposed state
at the highest temperature of the combustion gas stream. For this reason superior materials and advanced cooling
technology are required to allow higher heat resisting characteristics of the component. The 1st stage blade of a selected
commercial gas turbine blade made of directionally solidified Ni-based superalloy has a row of cooling holes on its
trailing edge. In most cases, minor cracks have been found at some of the root cooling holes after one cycle operation
(24,000 hrs) or even shorter operation time because of the high temperature gradient and the frequently alternating
thermal stress. In the repair process, unfortunately, it is usually very difficult to get rid of the damage due to the fact that
cracks are initiated at the root cooling hole and propagated deep into the hole. In this study, the feasibility of removing
the sidewall cracks in the hole by utilizing EDM drilling has been investigated. Also the criteria of surface integrity for
EDM drilling were established to achieve high quality repair as well as machining accuracy.
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Fig. 1 Typical cooling hole cracking of the 1st stage gas
turbine blade
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Fig. 2 Cross-sectional view of root cooling hole;
cracking occurred and propagated into the base
metal (Coating depth: 0.065mm, crack depth in
base metal: 0.13mm)
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Fig. 3 Schematic of the root cooling hole area on the
trailing edge to be machined by the EDM crack
removal process
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Table 1 Nominal composition of the Ni based casting superalloy DS GTD 111 (WT%)5

Cr

Co

Mo

w

Ti Al Ta C B

60.4

14.0

9.5

1.5

3.8

4.9 3.0 2.8 0.10 0.01

56



22T - A FFHYIEA A 2038 AR
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Table 3 EDM condition and type of the dielectric fluid

Pulse ON 40 ps

Pulse OFF 60 ps

Peak Current 5Amp

Voltage 50 Volts

. Cu electrode:(+)

Polarity .

Workpiece:(-)
Dielectric Fluid Petroleum type K501

Table 2 Surface integrity criteria for crack removal process with EDM applied for 1 stage bucket cooling holes

Property or .
Criteria
Type of defect

Remarks

Surface roughness Within 3.2(um Ra)

Mechanical AMZ:

Hardness alteration: 0.025mm’

Microcracks in: Resolidified layer only

! Depth to point where hardness becomes less than +2
points HRC (or equivalent) to that of the bulk material
(hardness converted from KHN or KHV)

Metallurgical AMZ:

Recast layer thickness: 2

0.025mm max.

Heat affected zone
thickness:
Internal melting:

0.025mm max.
None allowed

Intergranular attack: None allowed
Intergranular oxidation: | None allowed

Selective etch, pits,

protuberances:

0.01mm max.

2 Adopted by major turbine manufacturers

Copper contamination

Not acceptable
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Fig. 4 Schematic of the EDM fixturing for trailing edge
cooling hole drilling

Fig. 5 Locations where specimens were taken from afier
EDM drilling completed

7hEol ¢tad AL FFAFELAANE

Tt WUt ddel o o] EAEA
FE5e AT F AP D T2 vpiE TR
Bujoixe], & 7IANA AFAA Aol &8
He o B24 AIYsA AEF FAR AT
€ #EF 549 o 49 7AHY 2%
AA FBNEY Ao A HNeH, 17t
ERIRES ez AF3AFE 7hsstes 2ol
oug 233 FEFES o83 FET AHASH
a7 el A=A

3. AEdEn ¥ nE
3.1 Y47He FHES

58

3.1.1 EHAHAUT|

A3 e 7% dEy ZRAANNE % d 3}
7] A% A7 dx2 FelEA ggong o
2 AEE 53 wAdzxder 3 7}%%
ANHoZHE ZFAHXE T A 7FAY B
AAA7] @& AFIFAY. F, 7FEHEAA 10 T
g9 EUAAIE &H }04 £ 23 HF Ra=
2.65um & 7Y F Aoy ol o Ay H
F X<l Ra=3.0um ojUjolE=g H&7153 A9
< g9

32 7|H8 BN HAS

HAZo A9 7|AH 5A wald dgds
E F Ae 5 AE9 H3le) nAHgde #
¥ =g 2AE9H. 7HEE 7YY dowda
dreo 2 Zbzh AFHE AHES EWHAAN 2
ALgor AEE AT Z2H, AFz2FE A9
g EHA 0.05mm Zo)7tA 9] FHHE7F HRe
39-41 A2 ZSALQI, ZA sFst= 2 o)

&te] ZoJolA = HRe 3840 2.2 &AFHGomg
71 ol Ulg wUHFIHL J&S ¢ F UG

(Table 4 =)

T3l u]x—ﬂ{_{’»Oﬂ,] s x%x}au]ﬁ =
g A, JtFd TP dojwrgtoln) gy
9] AR o= AME RAZZAY XY AL
SAHRA gk HWFA 0.022mm o AF
2% oJdovt Fx3ta QReBR 7EXE 7
3l Ao Fig 6 2 BAxEH H9E, Fig. 7
7} 82zt 9 dnF AR E BRAFEY,

=4
13

Table 4 Micro hardness test results

Base Metal Below Surface
(<.002mm)
HV25 HRC HV25 HRC
1 372.9 38.1 379.7 38.8
2 383.1 39.1 386.6 39.5
3 390.2 39.8 404.9 41.3
4 372.9 38.1 376.3 384
5 369.6 377 390.2 39.8
Mean | 377.7 38.6 387.5 39.6
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Microhardness indentation profile in the
longitudinally cross-sectioned specimen

A

Fig. 7 Cross-sectional optical micrograph of the enlarged

cooling hole

Fig. 8 Longitude sectional micrograph of the enlarged
cooling hole
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Fig. 9 The thickest area of recast layer
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Fig. 10 Optical micrograph focusing on a cavity created
in base metal

Fig. 11 Enlarged view of the cavity through SEM
micrograph
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Fig. 12 Locations of X-ray irradiation for EDS analysis

Range:10 keV
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Fig. 13 EDS spectrum of the location “A” in recast Layer

Spectrum: CUTBACK-SUBI  Range:10 keV
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Spectrum: CUTBACK-SUB2 Range:10 keV

Fig. 15 Spectrum of the location “C” in base metal
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