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Application of EDM for Gas Turbine Blade Cooling Hole Processing
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2.1 EDM(Electric Discharge Machining)
WR7Fgol# [7)9 453 5o B v dojus 233
2 7Fgste Wyolth. Avtaw dojd doluX| = 7hastaat
s ARE S0l JISAA AATeRA it noes

WEo] #0h, B& AL o}F 2] E ok M2 o YES
AV 3, A FFBREE ol 28 QA7) Ho] B 7]sk]
of AAH ] Wiel Furlgol et Hrk. o WA bEe
AYzAL 2332 doy]y] 98] BT ARE sk Aol A7
How ARAS wolof drk= Aolt}, of 27 ujid] F7led]
Nt oln] o)A TE WAskEol el o] gHolg, dwow
g bl us HAstEel e 548 ted 2,
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- HAFEH FAAAZZI(NC) o} dAdste] Ao 22l 2
2538 7t
WAZLE 7171 A7|dUAE 23tg B o] dojus Fotd
Szl A A9 T8 doluA = Wit o] d JduA=
A T TE ASE 87| 7SI, 58 TR
AS Ase FAE LA TA S N2 54F (Recast
layer)S AT o7|A 128 27kx] a9 wEL. 3A

J 33 (Heat affected zone)E AT S5, 1
A 9% (Thermal stress)S THETH whabr] W71
J¥ A Z(Recast layer)o] W =F# olg

Yo} M Al Micro—crack)S ¥38tal7] wf&of
¥y Fdo] dositis ©S 7L glth. o] A2 v A g9
A7 ggke WA, 7]stehy Ao ALEE A7)
OB Z 7bE A AEEE P77 Ykl A G dig
et 7FEAAES deotste Ao Fast.

2.2 EDM 7}& #H]

Table 12 W7He 71a-& 918 Al AFS BoF=a1 9lom,
Fig. 1% EDM Super drilling machineS o]-83%F 7} d 2] 13 o]
=

Table 1 Specification of EDM drilling machine

Maker KTC

Model MK-814MC

Max Work piece size (WxDxH) 700 x 400 x 200mm

X, Y table stroke 350 x 200mm

Z-axis stroke 350mm

Electrode guide travel distance 350mm

Usable electrode diameter @0.1~4.0mm

Usable electrode length 200 ~ 400mm

Outside dimension (WxDxH) 1200 x 1210 x 1850mm
Max, power input 4KVA

Input voltage AC 39, 200 ~ 220V, 50 ~ 60Hz
Max, machining current 30A

Fig. 1 EDM super drilling machine Fig. 2 Drilling test on flat specimen
and cooling hole drilling test

2.3 7}% 9

Fig. 2v W78 7S flsto] 7€ Edlol= A9 22 GID
111DS Z2A e Ha AFH(20%30%6.6)2 A Zste] 7] HE:
A4S §15te] BU3 P oujAd Y-S R Qu), WzhEe
A717F F 7 E ol WEFA7]7] 8t Aol ZL 0.8m HFS
12} 7b8 & 1.3mm 32719 AF5o=2 23 7FF3dth. T 7l
W7hg-o] whi= 21 - 9] F27} Reducer typel-2 YA 25 93|
Aol AYH o7 7HFAHE 5 A @ Ao g BEAR &
= 39tk W9 715 27)E ¢0.84, ¢1.354 dd8o] A%
o] §1°1 90.8, p1.3°] A58& AHgste] AASHAT3].

Table 2 Machine factor for cooling hole drilling

ofl

Flat specimen Blade
20.8 91.3 20.8 21.3
Depth(mm) 14 4 25 4
Processing time(sec.) 90 25 100 35
Equipment setting 12/03 12/03 12/03 12/03

(a) Real blade

(b) Test specimen
Fig. 3 Cooling hole specimen

(c) Test blade
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Fig. 3& 4 BZ Image analyser = #2at7] 98] nled
S AJHO R (a)= 6,170Hrse] 4 o8& 2t TFAte 18 Ed0|=
9] Cooling holedl| A ANF g+ AlgHelaL, (b)&= HH AlFA, (o=
7FA EFol= #d ol x]ol 7}g-ek AlgHolt}, o] AlFAS T3
W2F) ARAE AYE 2 54 Z(Recast layer)S =439},

3.EDM 7tZ2 &3}

3.1 AFEAl Edol=

Fig. 4+ A9 4AZHEOH : Equivalent Operation Hour)
6,175Hrse) Ao HS 2k TFite 1ek Blo] =9 W3S Aksh
o2 A FAZ (Recast layer)2 3 & AFst2 Q3] U
T 9o, tEde] AR -5 A e

A -
iy

3.2 HPANA Y4F 7hEEy
Table 32 HAA|H WYLE SHT Aot} AA Eo|=
o) W7k 71#3ke] ¢0.84, ¢1.359] ¢0.8, ¢1.39] ATHS
AHgste] had Ak /12 W) ol Soleg o S Axon,
TS 948 A% Jes HolFa 9t} Table 4= 713 AAH
3k 45 (Recast layer)S 543 A3 Hef 11.8m 2 12.6m=
7122191 38um o|NZ2A 7FE QTS TS gl Fig. 5914
& & %] FAHZ (Recast layer)o] HWFH o2 FUS S-S
B3 9)lom | Fig, 62 5402 71 & Recast® FH %=
1 Fho] 28.556m o= 71 A[Q1 50 Qtell o] 2.3 it}
Table 3 Measuring result for plate specimens
1 2 3 Avg.
1st Hole 90 818.23 818.98 819.20 818.80
(20.8mm, (m) 180 818.27 818.86 819.12 818.75
2nd Hole 90 1324.8 1325.3 1325.2 1325.1
(91.3mm, zm) 180 1325.3 1325.1 1324.9 1325.1

Table 4 Measuring result for recast layer

1 2 3 4 5 Avg.
Recast layer| 0.8 11 13 12 15 8 11.8
(¢em) 21.3 13 12 11 12 15 12.6
Table 5 Measuring result for surface roughness of cooling hole
1 2 3 4 5 Avg.
Surface roughnes:
(Ra, (m) ﬁ 6.08 6.75 6.93 6.24 511 6.22

Fig. 6 Maximum recast Iayer- of plate specimen(max.=28.556 m)

3.3 Egol= WZE 7t Ad

Table 62 E#o]=9] YL A% A=A, W2439 7|54t
60.84, g1.35°1L} ¢0.8, ¢1.39] A=%07 7133 Ay} 747+
HEzko] 819.05um, 1324.4m=EA] 7FF Q2191 +0.05mS THE
Al71a 1o | Fig. 72 ¢0.8 Y=gl tist 3 oz Y%
o AXNET}F w9 93 TS e e AL &4+

Table 78 7}& ZAHo) et 448 (Recast layer)S =43 2
30.8, ¢1.39] tall 22} 9.82um, 11.4m= 7]5=X]Q] 38um N =
7VE T2 wEska 9tk Fig. 8914 & 4 3ol
(Recast layer)o] B3 7} Rl kil ok7F B dstA o
oH, Fig. 95 R840 = 71 & Recast® F9= 1
70.839mO. & 7]1F X9 50mS k7t 23S 2
7Ve AFeF A3t 248 T8 M F4S F3A
Ao 2 Al H),

1
+
NS
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o o,
I

Table 6 Measuring result for blade cooling hole

1 2 3 5 Avg.
819.02 | 818.40 | 819.43 819.53
818.98 | 818.58 | 819.10 819.21
1323.1 | 1323.4 | 1324.3 1324.8
1324.2 | 1324.5 | 1324.7 13245

~

819.20
819.02
13253
1324.8

1st Hole 90
(20.8mm, /m)| 180°
2nd Hole 90
(91.3mm, /m)| 180

Table 7 Measuring result of recast layer

1 2 3 4 5 | Avg.
0.8 | 10.8 | 13.8 6.6 8.0 9.9 9.82
21.3 12 14 9 9 13 114

Recast layer(um)

Table 8 Measuring result for surface roughness of cooling hole
1 2 3 4 5 Avg.
Surface roughness(Ra, /)| 6.45 | 6.33 | 6.50 | 6.24 | 6.80 | 6.46

Fig. 9 Recast layer on drilling area of blade cooling hole
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