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Electric discharging machining (EDM) is commonly adopted to machine the precise and tiny part when it is
difficult to meet the productivity and the tolerance by the conventional cutting method. The die-sinking EDM
method works well to machine the micro-parts and the perpendicular wall of die and mould, whereas EDM
drilling, called super drill, is excellent to machine the deep and narrow hole regardless the material hardness and
the hole location. However, the electrode wear is rapid compared to the conventional cutting tool and makes it
difficult to control the electrode feeding and to machine precisely. This paper presents an efficient method to
estimate the electrode wear using hole pass-through experiment while the stochastic method is used to
compensate for the estimation model. To validate the proposed method, the commercial EDM drill machine is
used. The experiment result shows that the electrode wear amount can be predicted very precisely.
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2. EDM(Electrical Discharge Machining)

2.1 EDM Drill

1 F-222]7](debris) S Al A ;Lu} WA B )\a{ 71% 1}
ya

7](debris)2] E3+4 2
2 A-8-3t} <Figure 1> 539 A5E& AHE3h= EDM ¥
9 4 & B},

High-pressure High-pressure

EDM ail EDTI ol
Spindle ’
Electrode V. Debris
Gap Distance o ; :
L JEL L. DN t l -
) A7
Workpeice '

Figure 1. EDM drilling illustration

2.2 Electrode Wear Estimation Model
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Figure 2. Bottom shape of electrode according to discharging
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Figure 3. Electrode wear out calculation
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3. Stochastic Compensation Method
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Figure 4. Electrode wear amount and wear ratio
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4. Experimental Results

3 =317] 913
KTCAFY] 44 WA S (EDB-435F)S AH&3te] A7ty 4
& 31 th(<Figure 5> #1). 72 A2 Aol 00.7
(0025)9] A5& AHEsEA L, WA AL <Table 1> 2T,
<Figure 5>l 4] & vig} 2o o & 2d& 93] 1039 5%
3210718 BHE M-S A, 5 mdo AT ARSAIZHS
HgEy) Y 2L AFo T wAse BEAHS F
dolg £3e HeE Y3 1179 & 7y He & o] &3}
AT ARFS A5 ZAAT 7t A8 23 A5 AR
T} 7FZATHE <Table 2>0| A B& HHg} o] & 7hgo] 23

&AM AT S 22F dF RS AS

Al F - 247F0.02433 0.0003 0] TH(<Figure 6> 1)

w, (n) =2.497(1— ¢ 1152) 9)
w, (t) =0.238(1+ "0%%9%) (10)

Table 1. Discharge condition

Values
Discharge parameters
$0.7(0.25)
7,,(mSec.) 28
Duty ratio
7,pp(mSec.) 10
Current(A4) 12.2
Min( V') 10.5
Discharge voltage range
Max( V) 20.7
Capacitance(u£") 0.18
Spindle speed(RPM) 1450
Feedrate(mm/min) 60
Material(thickness) SKD-11(5t)
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Figure 5. EDB-435F EDM machine and experimental result for estimator
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Table 2. The experiment for the electrode wear out
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Iteration Machining time(electrode wear) amount )
wear ratio
Hole Index 1 2 3 4 5 6 7 8 9 10 average
| 1091 11.63 | 10.77 10.5 9.45 10.24 | 10.18 10.2 10.63 104 10.49 0.162
(L.7) (1.8) (1.8) (1.8) (1.6) (1.6) (1.7) (1.6) (1.6) (1.8) (1.70) ’
) 11.31 11.02 | 10.53 | 10.65 | 10.11 | 10.34 | 10.26 | 12.33 14.5 10.47 11.15 0.199
2.1 (2.2) (2.0) (2.2) 2.4) (2.2) (2.2) 2.4) (2.3) (2.2) (2.22) '
3 10.63 | 10.77 11.8 10.89 | 10.33 | 10.56 | 10.31 11.15 | 10.44 | 10.72 10.76 0.230
(2.3) (2.4) (2.6) (2.5) (2.5) (2.5) (2.4) (2.4) (2.5) (2.6) (2.47) '
4 10.79 | 10.58 | 10.59 | 10.54 | 10.26 9.98 11.09 | 1024 | 1042 | 10.42 10.49 0.227
(2.3) (2.4) (2.3) 2.2) 2.4) 2.4) (2.4) (2.4) (2.5) (2.5) (2.38) '
5 10.52 | 10.26 | 10.34 | 10.43 | 1045 | 1044 | 1021 | 10.24 10.6 10.33 10.38 0.235
(2.3) (2.4) (2.4) (2.3) 2.7 (2.5) (2.4) (2.5) (2.5) (2.4) (2.44) '
6 10.57 | 10.46 | 1037 | 10.26 | 10.24 | 10.21 10.58 9.99 1043 | 10.17 10.33 0.237
2.4) (2.5) (2.3) 2.4) (2.6) (2.5) (2.4) (2.2) (2.6) (2.6) (2.45) '
7 10.83 | 10.29 11.6 10.34 10.2 10.18 | 10.15 | 10.64 | 10.64 | 10.32 10.52 0.245
(2.4) (2.6) (2.7) (2.5) (2.5) (2.6) (2.6) (2.8) (2.5) (2.6) (2.58) '
8 1042 | 1045 | 10.63 | 10.54 | 10.09 | 10.41 10.31 10.42 11.1 10.52 10.49 0.238
2.4) (2.5) (2.5) 2.4) (2.6) (2.5) (2.5) (2.6) 2.7 (2.3) (2.50) '
9 10.41 1024 | 10.26 | 10.45 | 10.28 11.0 10.45 | 10.22 | 10.39 | 1091 10.46 0.242
(2.5) (2.6) (2.3) (2.5) (2.5) (2.5) (2.6) (2.5) (2.5) (2.8) (2.53) ‘
10 1046 | 10.39 | 10.53 | 1045 | 10.61 11.0 10.54 | 10.31 1042 | 10.36 10.51 0.239
2.4) (2.4) (2.6) (2.5) (2.4) (2.5) (2.3) (2.6) (2.8) (2.6) (2.51) '
0.25+ -
2.54 I A= [
el 0.20 A
= E 0154
E 1.5 g
E vol = 0.104
05 0.054
0.0 I 0.00 v . . .
1 2 3 4 5 6 7 8 9 10 25 50 75 100

Machining count

(a) wear amount estimation

Machining time

(b) wear ratio estimation

Figure 6. The electrode wear estimators : dots are the actual wear amounts(ratios) and solid lines are fitted curves

Three times machining with10t workpeice

(a) experiment for estimator

affected region after discharging 10t

affected region after discharging 5t

(b) electrode wear comparison

Figure 7. Three times discharging are carried out to compensate the estimation model and the electrodes are compared after 5t and 10t

workpeices are machined
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Table 3. The estimation model compensation with electrode wear amount(10t thickness workpeice)

Estimation model and its compensation
Errors Cuml{la.ted electrode wear Estimator error amount Electrode wear ratio
machining
Iterartion time amount | ratio | adjusted «,’ after , difference | adjusted o’ after ) difference
compensation compensation
1 21.24 5.4 0.254 7.9692 1.6920 3.7080 0.2897 0.2089 0.0453
2 4221 6.5 0.310 7.2539 7.1409 0.6409 0.3148 0.2852 0.0248
3 63.01 6.5 0.313 6.7253 7.0109 0.5109 0.3131 0.3142 0.0017
4 86.56 7.1 0.301 7.1775 6.6527 0.4473 0.3015 0.3131 0.0116
. 5 106.63 7.4 0.369 7.4259 7.1525 0.2475 0.3687 0.3015 0.0672
6 126.61 7.3 0.365 7.3082 7.4175 0.1175 0.3654 0.3687 0.0034
7 146.50 7.3 0.367 7.3026 7.3056 0.0056 0.3670 0.3654 0.0017
8 166.64 7.4 0.367 7.4009 7.3018 0.0982 0.3674 0.3670 0.0004
9 186.23 7.3 0.373 7.3003 7.4006 0.1006 0.3726 0.3674 0.0052
10 205.97 7.3 0.370 7.3001 7.3002 0.0002 0.3698 0.3726 0.0028
1 22.27 5.5 0.247 8.1167 1.6920 3.8080 0.2776 0.2117 0.0353
2 48.97 6.5 0.243 7.2539 7.2731 0.7731 0.2454 0.2754 0.0320
3 71.55 6.9 0.306 7.1392 7.0109 0.1109 0.3058 0.2452 0.0604
4 94.11 7.4 0.328 7.4808 7.0621 0.3379 0.3280 0.3058 0.0222
) 5 116.28 7.5 0.338 7.5262 7.4548 0.0452 0.3383 0.3280 0.0103
6 138.69 7.4 0.330 7.4083 7.5178 0.1178 0.3302 0.3383 0.0081
7 161.59 7.4 0.323 7.4027 7.4056 0.0056 0.3231 0.3302 0.0071
8 184.39 7.7 0.338 7.7009 7.4018 0.2982 0.3377 0.3231 0.0146
9 206.31 7.2 0.328 7.2003 7.7006 0.5006 0.3285 0.3377 0.0093
10 229.13 7.6 0.333 7.6001 7.2002 0.3998 0.3330 0.3285 0.0046
1 20.84 5.4 0.259 7.9692 0.2579 5.1421 0.2969 0.2077 0.0514
2 44.40 6.4 0.272 7.1423 7.1409 0.7409 0.2750 0.2932 0.0216
3 65.71 6.5 0.305 6.7253 6.9030 0.4030 0.3055 0.2746 0.0304
4 87.17 6.8 0.317 6.8743 6.6527 0.1473 0.3169 0.3054 0.0114
; 5 108.80 7.3 0.337 7.3255 6.8503 0.4497 0.3375 0.3169 0.0206
6 130.31 7.1 0.330 7.1080 7.3173 0.2173 0.3301 0.3375 0.0074
7 152.81 7 0.311 7.0025 7.1054 0.1054 0.3111 0.3301 0.0190
8 174.67 7.3 0.334 7.3009 7.0017 0.2983 0.3339 0.3111 0.0228
9 196.35 7.1 0.327 7.1003 7.3006 0.2006 0.3275 0.3339 0.0065
10 217.94 7.3 0.338 7.3001 7.1002 0.1998 0.3381 0.3275 0.0106
B vhgh o] AT £ g 9@ Wol HAl RPN <l A ABYHE BEA, PAATE BTG 249 47
B FRFL 2 5 ook A 2EH g B P F M HE Qo] /hFol Brke Yol AAT B @ 2
4319 B Fol=3% oo d F o8-S BT Z 93t F79 AF9] 2871 vy sE By o] ) el
A e=dAe Bl sEgodA AF AR 4537
A3 & AF APE FF AT 2R4F 23} AN BA
5. Conclusion TR & AT
B AN Adste AT 25F oS 2l Ango]
HHA 7} 3 (Electric Discharge Machining) S 8843 A< (Aero-  7Hg AlZbel whet YA &HA FHdTHE Hof Zelsto & 7}
Space Industry), = (Molds)¢t TFol(Die) Al 2L, A5 4F, BF 3 3409} AT 220 &9 93t F 714 o= PHE A A8
EA A T gt AY FEY oA AMET AFA Ak 2y dslshe WA 3 bebA oS 2l A
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