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APPENDIX A-SAMPLE ELECTRODES AND BLOCK SIZES

Volume in '000 mm?®

X Y Z Block
Elec No (mm) (mm) (mm) Size(mm?®) 500<=V 500>Vv>10 V=<10
114461504 18 25 28 12,600 0 1 0
11446r505 18 28 25 12,600 0 1 0
11446r506 18 28 25 12,600 0 1 0
11446b513 16 32 25 12,800 0 1 0
11446b505 16 32 25 12,800 0 1 0
11420r409 32 16 25 12,800 0 1 0
11393r03 25 25 30 18,750 0 1 0
11446b515 30 30 25 22,500 0 1 0
11446b514 30 30 25 22,500 0 1 0
11446b507 30 30 25 22,500 0 1 0
11446b506 30 30 25 22,500 0 1 0
11393r06 60 25 20 30,000 0 1 0
11446b509 25 40 30 30,000 0 1 0
11446b501 25 40 30 30,000 0 1 0
11446r502 40 25 30 30,000 0 1 0
11393r02 30 30 40 36.000 0 1 0
11446 - ) ) 1 0
11398 _m 30 A0 93 30b Q 1 0
11420140k _5) 4 30 30 37,308 0) 1 0
11446051657 40 1 0
11446b502 C 1 0
113981203 30 44 30 39,600 U 1 0
11446504 30 36 40 43,200 0 1 0
11446r512 32 34 40 43,520 0 1 0
11446r513 32 34 40 43,520 0 1 0
11398r204 30 50 30 45,000 0 1 0
11398r205 30 50 30 45,000 0 1 0
11398r201 30 38 40 45,600 0 1 0
11371r301 40 40 30 48,000 0 1 0
11371r302 40 40 30 48,000 0 1 0
11371r303 55 30 30 49,500 0 1 0
11408f104 40 42 30 50,400 0 1 0
11398r206 47 42 30 59,220 0 1 0
11348f502 50 40 30 60,000 0 1 0
11408f101 26 80 30 62,400 0 1 0
11446r101 26 80 30 62,400 0 1 0
11446r501 45 50 30 67,500 0 1 0
11391r202 30 86 30 77,400 0 1 0
11391r203 30 86 30 77,400 0 1 0
11391r201 30 86 40 103,200 0 1 0
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11393r01
11391r200
11371r300
11446f503
11408f103
11420r400
11348f03
11446r100
113481505
114461502
11348104
11398r200
11446r500
11446r511
11348f01
11348f02
11446b508
11446b500
11391r205
11446f501
11393r04
11391r204

11348503

82
36
100
45
54
65
43
40
61
60
65
99
71
55
65
65
110
110
93
85
99
120

85

11348750473 95
114467508195
11348501137

11393105
113481500

120
125

42
80
40
55
58
50
61
110
35
49
61
47
55
55
61
61
70
70
114
65
102
88
6d
99
71
85
170
91

30
40
30
50
40
40
50
30
70
60
50
50
60
82
70
70
40
40
30
70
40
40
82
83
72
87
40
82

103,320
115,200
120,000
123,750
125,280
130,000
131,150
132,000
149,450
176,400
198,250
232,650
234,300
248,050
277,550
277,550
308,000
308,000
318,060
386,750
403,920
422,400
425170
4596k
485,640
655,545
816,000
932,750
Total
Percentage
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APPENDIX B-EXPERIMENTAL DATA

Elactrode No:  Material Machine Tool Diametser Achisved surfac: Tool Type  Step over Depth of cut

1143306412 Graphite FRaoders Ball noze 8 Faough Graph X 332 4. 3max
Ball nosa 3 Fina Graph X 014 0.14
114086200 Graphite FRaoders Ball noze g FRaough Graph X 32 4. 3max
Ball nosa 3 Fine Graph X 014 0.14
114200400 Graphite Roders Ball nose 3 Rough Graph X 2 4 Smax
Ball nosa 3 Fine Graph X 014 0.14
11387r102 Graphite Roders Ball nose 3 Rough Graph X 2 4 Smax
Ball nosa 3 Fina Graph X 014 0.14
114086201 Graphite Raoders Ball noze g Raough Graph X 32 4. 3max
113%3c04 Graphite Roders Ball nosa 3 Rough Graph X 2 4 Smax
114460300 Graphite Roders Ball nose 3 Rough Graph X 2 4 Smax
114466101 Graphite Roders Ball nose 3 ERough Graph X 33 4. 5max
114330410 Graphite Roders Ball nose 3 Rough Graph X 2 2.5
114468500 Graphite Roders Ball nosa 3 Rough Graph X 2 25
11367=406 Graphite Roders Ball nose & Graph X 24 3 3max
Ball nose 6 Graph X 0.12 0.12
113686201 Graphite Rodars Ball nose & Graph X 24 3 5max
Ball nose 6 Graph X .12 0.12
113636203 Graphit= Roders Ball nos= 6 Graph X 2. 3 Smax
Ball noze 6 Graph X 0.12 0.12
11408£100 Graphite Ball nose & Graph X 24 3 Smax
113686200 te il 6 Gr. X 24 3 Smax
11386203 6 ’ - . | 2. 3 Smax
Tpta 1 d Fid2 CLAE 3 0.12 0.12
- ThAacAac r ThiainoArtnts e _
114334413 2 - E 1 G X 1.6 2 3max
= 0.1 0.1
11433£410 - 1.6 2 3max
B - F . 0.1
114334406 Graphite Roderz Ball noze 4 Rough Graph X 1.6 2 3max
Ball nos= 4 Fins Graph X 0.1 0.1
114350414 Graphite Roderz Ball noze 4 Rough Graph X 1.6 2 3max
Ball nos= 4 Fins Graph X 0.1 0.1
.
11425100 Graphits Roders Ball nos= 2 Fins Graph X 0.07 0.07
114338402 Graphite FRoders Ball nos= 2 Fins Graph X 0.07 .07
1437401 Graphits Roders Ball nos= 2 Fins Graph X 0.07 0.07

i

)
[=1
[=1
LA

[=]
[=]
A
i

114358407 Graphits Roders Ball nos= Fins Graph X

Bt
Lo La e

11396203 Graphite Roders Ball nos= Fine Graph X 0.05 005
11424£201 Graphits Fodars Ball nos= Finz Graph X 0.05 0.05
114330402 Graghite Foders Ball nos= 1 Fine Graph X 0.03 0.03
114338400 Graphite FRoders Ball nos= 1 Fins Graph X 0.03 0.03
1135284011 Graphite Foders Ball nos= 1 Fine Graph X 0.03 0.03
114251040 Graphit= Roders Ball nos= 0.3 Fin= Graph X 0.03 0.03
14374:01 Graphite FRoders Ball nos= 0.3 Fins Graph X 0.03 0.03
11424£201 Graphite Foders Ball nos= 0.8 Fine Graph X 0.03 0.03

114251040 Graphit= Roders Ball nos= 0.5 Fin= Graph X 0.01 0.01
1437401 Graghits Roders Ball nos= 0.5 Fin= Graph X 0.01 0.01
1135284011 Graghite Roders Ball nos= 0.5 Fins Graph X 0.01 0.01
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Volomes in mm®

Speed Feed CuttingFeed plungin; Rapid feed Mill ztrategy Time taken Time zeez VDI Initial Vol Final vel
Min 550 Min Sz

14000 43500 2250 30000 3D Offset Rovsh 2 39 3 30 179 185976

14000 4000 2000 30000 Raster 3D Offset.Const Z 19 44 19 37 1134 30 84330

14000 43500 2230 30000 3D Offset Rough 1 16 1 22 16 61250

14000 4000 2000 30000  Raster3D Offset.ConstZ  § g g 45 485 30 18032

14000 4500 2250 30000 3D Offszt Rovzh 1 20 1 14 80 129600

14000 4000 2000 30000  Raster 3D Offset.Const Z 16 30 16 28 580 30 80581

14000 4500 2250 30000 3D Offszt Rovzh 1 45 1 44 105 68376

14000 4000 2000 30000 Raster,3D Offset.ConstZ 7 25 7 16 445 27 18383

14000 4500 2230 30000 3D Offset Rough 1 28 1 22 88 61250

14000 4300 2250 30000 3D Offszt Rovzh 3 25 1 44 325 403520

14000 4500 2250 30000 3D Offs=t Rovzh 3 12 1 44 192 2303935

14000 4500 2250 30000 3D Offset Rovsh 3 59 1 44 359 356430

10000 2500 1250 30000 3D Offszt Rovgh 15 43 18 44 1183 498730

10000 2500 1250 30000 3D Offszt Rovgh 18 32 18 44 1132 483640
|

16000 4000 2000 30000 3D Offset Roush 44 0 3% 44 24150

14000 3600 1800 30000 Raster3D Offset.Const Z 6 6 6 3 366 27 12213

16000 4000 2000 30000 3D Offset Rough 1 5 1 7 (5] 34200

14000 3600 1800 30000  Raster,3D Offset.Const Z  § 12 g 7 452 27 13524

16000 4000 2000 30000 ff 45 [ 3 45 26100

14000 3600 1800 30000 Raster3D Offset.Const Z 6 24 6 21 384 27 12451

16000 2000 30000 3D Offset Roush 3 10 2 41 180 116430

16000 2000 30000 3D Offset Roush 1 17 1 7 17 34200

16000 2000 3D C zh 3 1 3 68 40550

14000 18§0 IR PastzrS Il ORA Bopsdt 14y 14 il il 511 19143

ALY WA OLLJ v LVLUIMLUVTM, LD A JCLLIINQA, _

18000 2090 G E 36 E s 158 50400

16000 750 Ra 13 40 7 320 27 21333

18000 2000 1 22 0 82 18600

16000 1750 30000 Raster,3D st 3 50 4 23 230 27 3981

13000 2000 30000 3D Offszt Rovzh 1 30 1 18 50 25200

16000 1750 30000 Raster,3D Offset.ConstZ 6 11 6 ) in 27 3800

18000 2000 30000 3D Offszt Rovgh 2 15 2 0 135 42120

16000 1750 30000  Raster,3D Offset.ConstZ 9 26 g 22 17752

13000 1350 673 30000 3D offsat 27

18000 1330 673 30000 3D offsat 0 13 0 13 18 27

18000 1350 673 30000 3D offsat 27
—

26000 1000 500 30000 Along corner 0

26000 1000 500 30000 long corner 36 2 39 116

26000 1000 500 30000 Dptumz=c. 2
—

30000 750 373 30000 Alonz 26 27

30000 750 375 30000 Optimized 0 57 0 26 57 27

30000 750 373 30000 Optimized 4 36 0 26 276 27
.

32000 600 300 30000 3D offsat 1 38 1 22 11§ 27

32000 600 300 30000 1 22 82 27

32000 600 300 30000 0 28 0 33 28 27

36000 450
36000 450
36000 430

30000
30000
300070

3D offsat
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Times in secs

mm/sec

CAD Vol Vol Removed MER{mm?3/s2c. Finizhed Total milling Fine milling ReductioAv.MRER

mm<fsec

Average Fin rat

arsa tim= rate{mma2./sec o HI MED LOW HI |MECLOW
84218 101758 563.48 55
G455 .00 1363 5.0
17843 43407 5371.14 71
345200 5635 71
S0367 45233
Te04.00 1070 7.3
17621 50455
3171.00 550 7.1
13434 47816 543 38 T3
224048 179872 35345
115534 114461 50615
175465 217015 604 50 35
243386 230364 211.63
224283 261357 23088
|
12034 12066 27423 50
1373.00 410 51
13527 20673 318.05 &0
264000 557 s34
12318 13782 28127
1830.00 433 5.0
38058 58422 307 48 30
10107 T \farc F Moratuwa. Sri anka
& €

B T e L PE RS e e

11933 A EW 34
4052.00 578 5.0
4181 14418 175.84 78
1154 .00 312 5.2
2083 16107 178.87 54
2056.00 461 3.6
18246 13874 176.34 37
2845 .00 701 5.2 176
. -
58.00 1.7
26.00 14
27.00 1.7 14 16 1.7
16 1.1
148 116 1.3
12.37 13 1.0 10 12 1.3
|
12.44 041
27.80 0.48
155.00 0.56 041 05 0.6
|
44.00 0.37
13.00 0.16
4.60 0.16 0.16 03 04
|
17.00 0.08
5.00 0.05
52.2 008 0.05 01 0.1

|
LA



Electrode No:  Material  Machine Tool Diameter Achieved surface Tool Tvpe  Step over Depth of cut
11433b412 Graphite SNCH4 Ball nos= 3 Eough Graph X 32 4 Smax
Ball nos= 8 Fin= Graph X 0.14 014
114080200 Graphite ENCE4 Eall nos= 3 Eough Graph X 32 4 Smax
Ball nos= 8 Fin= Grapgh X 0.14 0.14
114086201 Graphite SNCH4 Ball nose 3 Eough Graph X 32 4 Smax
114466101 Graphite ENCE4 Ball nos= 3 Roueh Graph X 32 4 Smax
113928401 Graphitz ENCE4 Ball nos= 8 Rouwsh Grapgh X 2 4. 5max
Ball nos= 3 Fine Graph X 0.14 0.14
114086200 Graphite ENCH4 Ball nos= 8 Rouwgh Graph X 2 4 Smaw
Ball nos= 3 Fins Graph X 0.14 0.14
|
113524402 Graphite SNCe4 Ball nos= 6 Foush Graph X 2.4 3.5max
Ball nos= 6 Fin= Graph X 0.12 0.12
11396202 Graphite ENCH4 Ball nos= 6 Rouwgh Graph X 2. 3. 5max
Ball nos= & Fin= Grapgh X 0.12 0.12
113561205 Graphite SNCe4 Ball nos= 6 Foush Graph X 2. 3.5max
Ball nos= 6 Fin= Graph X 0.12 0.12
11367406 Graphite ENC 64 Ball nos= .3 Roueh Graph X 24 3 Smax
Ball nos= 6 Fin= Grapgh X 0.12 0.12
113636201 Graphite SNC 64 Ball nose & Eough Graph X 24 3. 5max
114035100 Graphite ENC 64 Ball nos= .3 Roueh Graph X 24 3 Smax
113636200 Graphite ENC 64 Ball nose & Roueh Graph X 24 3 Smax
|
11403104 Graphite SNCE4 Ball nos= 4 Graph X 1.6 2. 5max
Ball nos= 4 Graph X 01 0.1
114338413 Bal = 4 X 16 2 Smax
= [ ! 0.1 0.1
114336410, § 4 1.6 2. 5max
- 0.1 0.1
- 1.6 2 Smax
4 1.6 2. 5max
114338406 all nose 4 Graph X 1.6 2. 5max
Ball nos= 4 Fins Graph X 0.12 0.12
11433p414 Graphits EMCH4 Ball nos= 4 Fouwgh Graph X 1.6 2. 5max
|
1437401 Graphite SNC 64 Ball nos= 2 Fine Graph X 0.07 0.07
11433b402 Graphite SNC 64 Ball nos= 2 Fine Graph X 0.07 0.07
11425c100 Graphite ENC 64 Ball nos= 2 Fine Graph X 0.07 0.07

[
=1
L
[
L

114335407 Graphite ENCe4 Ball noss 1.3 Fins Graph X 0.05 0.035
11396:203 Graphite SNC 64 Ball noss 1.3 Fins Graph X 0.05 0.035
114241201 Graphite SNC 64 Ball nos= 1.5 Fins Graph X 0.05 0.035
11433b402 Graphite ENCe4 Ball noss 1 Fins Graph X 0.03 0.03
11433b400 Graphite SNC 64 Ball noss 1 Fins Graph X 0.03 0.03
11352£4011 Graphite ENC 64 Ball nos= 1 Fins Graph X 0.03 0.03
114466300 Graphits SMNC 64 Ball nos= 1 Fine Graph X 0.03 0.03
11425c100 Graphite SNC 64 Ball noss 0.8 Fins Graph X 0.03 0.03
14374r01 Graphite ENC 64 Ball nos= 0.8 Fins Graph X 0.03 0.03
11424201 Graphits SMNC 64 Ball nos= 0.8 Fine Graph X 0.03 0.03
11425c100 Graphite SNC 64 Ball noss 0.3 Fins Graph X 0.01 0.01
14374r01 Graphite ENC 64 Ball nos= 0.3 Fins Graph X 0.01 001
11382£4011 Graphits SMNC 64 Ball nos= 0.5 Fins Graph X 0.01 0.01
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Speed Feed CuttingFeed plunging Rapid faed Mill ztrategy Time taksn Time zecz VDI Imitial Vol Final vol
18000 4300 2250 30000 3D Offset Roush 2 39 3 30 179 185976

11000 3000 1300 30000  Raster 3D Offszt.Const 7 26 18 19 37 1578 30 84330
18000 4300 2250 30000 3D Offset Rough 1 16 1 22 76 61250

11000 3000 1500 30000  Raster, 3D Offset.Const Z 12 13 3 46 733 30 18032
18000 4500 2250 30000 3D Offset Roush 1 28 1 22 88 61250

18000 4300 2250 30000 3D Offset Roush k] 39 1 44 359 356430

0

18000 4300 2250 30000 3D Offset Rough 1 40 1 30 100 30889

11000 3000 1500 30000 Raster, 3D Offset.Const Z 13 28 13 21 1108 33 46781
18000 4300 2250 30000 3D Offsat Rnr,gh 1 28 1 22 88 60025

11000 3000 1300 30000 FRaster, 3D Offsst,Cons 20 18032

—

19500 4000 2000 30000 3D Offset Rough 1 13 29304

14660 3000 1500 30000 Raster, 3D Offset,Const 7  § 2 7 19 482 33 11263
19500 4000 2000 30000 3D Offszt Rough 1 13 1 3 73 35100

14660 3000 1300 30000  Faster, 3D Offset,Const Z 9 17 ] 16 557 27 14882
19500 4000 2000 30000 3D Offszt Rovgh 1 g 1 3 68 40050

14660 3000 1300 30000  Raster 3D Offsst.Const £ 12 13 12 11 733 15143
16000 4000 2000 30000 3D Offset Roush 44 1] 3% 44 24150

14660 3000 1800 30000 Raster, 3D Offsst,Const Z 7 19 6 3 435 27 12213
16000 4000 2000 30000 3D Offset Roush 1 5 1 T 683 34200

16000 4000 2000 30000 3D Offset Roush 3 10 2 41 190 115430

3D Offset Rough 1

24000 51136

22000 ;;; 34 ;; , 754 22471

24000 2 1|2 48310

22000 E)1Sser{a 957 21333

24000 1 2 | 1 | 10 1 17100

22000 3 3 3 C 313 3981

18000 : 8 1 18 158 50400

24000 2000 3D Offset Rough 1 1 10 82 13600

24000 2000 3D Offset Rough 1 | 3 | 1| 18 20 25200

22000 1500 30000 Raster3D OffsetConstZ 7 33 | 6 | 9 453 27 8800

24000 2000 30000 3D Offset Roush 2

13000 2000 1000 30000 3D offsat 7 27

13000 2000 1000 30000 3D offiat 0 | 12 | 0 | &8 12| 27

13000 2000 1000 30000 3D offsat 22 27
—

26000 1500 730 30000 Along cornsr

26000 1500 750 30000 Along corner 1 4 | 1 | 17 109

26000 1500 730 30000 Optimiz=d
—

30000 1000 300 30000 Alonz cornsr 0 019 27

30000 1000 300 30000 Along cornse 0 | 43 | 0 | 16 82

30000 1000 500 30000 Along corner 30030 | 0 | 6 | 2 |7

30000 1000 300 30000 Along cornse 0 5 0 I8 9 17
|

32000 900 450 30000 3D offiat 1 | 45 | 1| 13 05 | 27

32000 900 450 30000 3D offiat 0 | 55 | 0 nm 57

32000 30000 3D offsat 19 9 27

30000 500 250 30000 3D offsat 2 | 13 | a4 [

36000 500 250 30000 Optimizad 1 4 0 | 38 06 | 27

36000 300 250 30000 Optimiz=d § 26 0 38 506 17
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CAD Vel Vol Removed MEF{mm3 's2c. Finizshed Total milling Fine milling ReducticAv. MER Average Fin rat

B4I18 101758 368.48 55
5435.00 1363 6.0
17843 43407 371.14 71
3432.00 633 6.2
13434 47816 343356 78
1759465 217015 604.50 55
BoBBY 100
0.00 6575.00 1208 59
60025 100
0.00 3432.00 328 4.7
I I
0.00 0
0.00 21597.00 357 4.6
0
0.00 2508.00 630 4.3
0.00 0
0.00 3403.00 301 4.6
12084 12066 27423 50
0,00 1873.00 483 43
13527 20673 30526 38
58058 58411 307.48 50

10107 24093 300.45 68

322 0.10 0.06 0.1 0.10
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Electrode No:  Material ~ Machine Taal Diameter Achieved zurface Tool Type  Step over Depth of cut

11362102 Copper Roders Ball nos= 6 Rough Hard X 24 02
114200401 Copper Roders Ball noss 6 Eoush Hard X 24 02
11387ud00) Copper Roders Ball nos= & Roush Hard X 24 02
113671411 Copper Roders Ball nose & Eoush Hard X 2. 2
- 000000}
11408r104 Copper Roders Tip radivs 6(0.3) Eouvzh Hard X 24 02
114087103 Copper Foders Tip radius 6(0.3) Eouvzh Hard X 24 02
11408102 Copper Roders Tip radivs 6(0.3) Roush Hard X 24 02
11368209 Copper Roders Tip radivs 6(0.3) Rough Hard X 24 02

113851201 Copper Roders Ball nos= 4 Bouzh Hard X 16 (.16
11389k200 Copper Fodars Ball noz= 4 Foush Hard X 1.6 (.16
11405£:06 Copper Rodars Ball nos= 4 Foush Hard X 1.6 (.16
11380b1502 Copper Roders Ball nos= 4 Foush Hard X 1.6 (.16

11362102 Coppar Roders Ball nose g Finz Hard X 0.12 0.12
114200401 Coppet Roders Ball nose Finz Hard X 0.12 .12

11357u400 | | Rdsere 1S 1Bt ot | § : Fui 1EeA X 0.12 0.12

11368205 ar 15 1Rodees Ball ipag 6 7 A ~pHard X 0.12 0.12
A /ANWWLLULIIIW L LIWIW) U L2 LI0WL WALLWLLD

113886201 ppa oot 3l frbex < : Fin Hard X 0.1 0.1

1138085200 Copper Rodars Ball nose L Finz Hard X 0.1 0.1

1140505 Copper Roders Ball nos= 4 Fin= 4 X 01 0.1

11405406 Copper Foders Ball nos= 4 Fin= Hard X 01 0.1

14156211 Coppar Roders Ball nos= 2 Fin= Hard X 0.06 0.06
11446b513 Copper Foders Ball nosz 2 Fins Hard X 0.06 (.06
114460512 Copper Foders Ball nosz 2 Finz Hard X 0.06 0.06

14156k203 Copper Roders Ball nos= 1.5 Fine Hard X 0.045 0.043
114461503 Copper Rodars Ball nos= 1.5 Fine Hard X 0.043 0.043
1403202403 Copper Roders Ball nos= 1.5 Fine Hard X 0.043 0.043

140320203 Copper Foders Ball nosz 0.8 Finz Hard X 0.024 0.024
114460513 Coppar Foders Ball nos= inz Hard X 0.024 0.024
11446b512 Copper Roders Ball nos= Fins Hard X 0.024 0.024

= =
[= =) (= s}
Frj
B
L

1403201101 Coppar Roders Ball nos= 0.3 Fin= Hard X 0.013 0.015
140320203 Copper Foders Ball nosz 0.3 Fins Hard X 0.013 0.013
114461303 Copper Foders Ball nosz 0.3 Finz Hard X 0.013 0.013

~
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Speed Feed CuttingFeed plunging Rapid feed Mill ztrategy Time taken Time zecz VDI Initial Vol Final vol

21000 2300 125 30000 3D Offzzt Roush 7 43 6 31 463 3375

21000 23500 1250 30000 3D Offsat Rough 4 6 3 36 246 2025

21000 2500 1250 30000 3D Offzzt Rouzh 4 k] 3 g 208 2230

21000 2500 1250 30000 3D Offset Roush 3 3 5 2 433 3375
|

16000 23500 1250 30000 3D Offszt Rough 4 47 3 17 287 3600

16000 2500 1250 30000 3D Offszt Roush 5 33 3 57 333 3600

16000 2500 1250 30000 3D Offset Roush 6 2 3 39 362 3600

16000 23500 1250 30000 3D Offsat Rough L] 28 3 il 388 3373
|

32000 3000 1500 30000 3D Offset Roush 6 3 5 38 363 3600

32000 3000 1300 30000 3D Offsat Rough 7 23 f 22 443 3600

32000 3000 1300 30000 3D Offsat Rough 10 45 10 20 645 3600

32000 3000 1500 30000 3D Offset Roush 6 3 4 52 368 2230
|

21000 23500 1250 0000  Raster 3D Offset.Const 7 2 42 2 33 162 1404

21000 2300 1250 30000 Raster 3D Offset.Const 2 3 33 3 24 233 1883

21000 2500 1250 30000 Baster 3D Offset Const 7 2 33 3 4 155 1883

21000 2300 1250 50000  Raster 3D Offset Const 7 3 ) k] 18 189 1363
|

32000 3000 1500 30000 Baster 3D Offset Const Z 2 19 2 6 139 1473

32000 3000 1500 30000 Baster 3D Offset Const Z 3 13 6 26 183 1503

20000 3000 1500 0000 Raster 3D Offset Const 7 3 4 2 47 184 2203

20000 3000 1300 0000 Raster 3D Offset Const 2 2 20 2 17 140 1352
I I

38000 1 1358 30 0 11 0 22 1

33000 15557 11 Uwdg ol LdliRd. 4

200 sFloctenpic Flasece & Digcortnigne

N ]

40000 GO0 0 42 0 42

40000 1200 600 0 0 g 3

40000 1200 600 30000 fzz 0 18 0 21 18
|

42000 300 400 30000 3D Offeat 0 36 0 30 36

42000 300 400 30000 3D Offsat 0 36 0 30 36

42000 300 400 30000 3D Offsat 0 16 0 30 16
|

42000 300 230 30000 3 23 2 19 323

42000 500 230 30000 1 13 1 2 73

42000 500 230 30000 0 15 1 2 15
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CAD Vol Vol Removed MEF{mm3/s2c] Finiched Total milling Fine milling leductioAv.MER Average Fin rat

1406 1969 425 58
2133 792 22 27
1078 1172 3.93 52
1020 2355 4.88 70
2258 1342 4,68 37
1833 1767 5.01 48
1792 1308 499 50
1451 192 496 57 481
1849 1751 482 45
1839 1761 3.96 45
1396 2204 3.40 61
1035 1215 3.30 54
562.00 162 35
673.00 1414 29
455.00 82 29
579.00 2566 31 29 32 35
494.00 2705 41
$00.00 308 41
$00.00 2274 43
647.00 517 16 41 44 18
] I
38.20
r'SEkyo 1Was !
e 0 e 14 25 35
LCUUULLIL 1 HTHED 06 LAISSTLLAUULLY I
1bsmart. ac. 13
17.00 0.9 09 11 13
16.40 0.29
17.70 0.32
5.18 0.32 0.2 031 0.32
21.00 0.06
10.00 0.14
1.58 0.1 0.06 0.1 0.1




Electrode No:  Material  Machine Tool Diameter Achieved zurface Tool Type  Step over Depth of cut

11408104 Copper Hyper3 Tip radivs 6(0.3) Fough Hard X 24 02
11408103 Copper Hyper3 Tip radiss 6(0.3) Rough Hard X 24 02
114087102 Copper Hypers Tip radivs 6(0.3) Eough Hard X 24 02
11368c209 Copper Hypats Tip radivs 6(0.3) Foush Hard X 2.4 02

11420:401 Copper Hypers Ball nos= 6 Fough Hard X 24 02
11362102 Copper Hyper5 Eall noze & Fough Hard X 24
11420:401 Copper Hyper3 Ball nos= 6 Rouzh Hard X 24
11397u400 Copper Hypers Ball nos= 6 Fouzh Hard X 24 02

113885201 Copper Hyperd Ball nos= 4 Rough Hard X 1.6 0.16
113894200 Copper Hyper3 Ball nos= 4 Fouzh Hard X 1.6 0.16
1138061502 Copper Hyper5 Ball nose 4 Bough Hard X 1.6 0.16
114058006 Copper Hyperd Ball nos= 4 Rough Hard X 1.6 0.16

11397u400 Copper Hypers Ball nos= 6 Fin= Hard X 0.12 0.12
11368209 Copper Hypers Ball nos= 6 Fin= Hard X 0.12 0.12
11362102 Copper Hyper3 Ball nos= 6 Finz Hard X 0.12 0.12
11420401 Copper Hyper5 Ball nose 6 Fine Hard X 0.12 012

114058006 Copper Hyper3 Ball nos= 4 Finz Hard X 0.1 0.1

11357401 Copper Hyper3 Ball nos= 4 Fin= Hard X 01 0.1

114050035 Copper Hypers Ball nos= 4 Fin= Hard X 0.1 0.1
1138061502 Copper Hyper5 Ball nose 4

141565211

114460513 0.06 0.06
114466512 0.06 0.06
114460503 9 0.045 0.043
14136k 0045 0.045

140320003 0.0435

140320203 Copper Hyperd Ball nos= 0.8 Fin= Hard X 0.024 0.024
114460313 Copper Hyper3 Ball nos= 0.8 Fin= Hard X 0.024 0.024
114460512 Copper Hyper5 Ball nose 0.3 Fine Hard X 0.024 0.024

140320101 Copper Hyper3 Ball nos= 0.5 Fin= Hard X 0.013 0.013
140320203 Copper Hypers Ball nos= 0.3 Fin= Hard X 0.015 0.015
114463503 Copper Hypers Ball nos= 0.5 Fin= Hard X 0.013 0.013



Speed Feed CuttingFeed plunging Rapid feed Mill strategy Time taken Time zecz VDI Initial Vol Final vol

11400 3500 1750 30000 3D Offset Rough 3 27 3 17 207 3600

11400 3300 1750 30000 3D Offzet Rovgh 4 15 3 57 235 3600

11400 3300 1750 30000 4 21 3 35 261 3600

11400 3500 1750 30000 £ ) 3 46 3 3l 226 3330
.

16000 3400 1700 30000 3D Offset Rough 3 6 2 53 186 2925

16000 3400 1700 30000 3D Offset Rough 7 43 6 3l 453 3375

16000 3400 1250 30000 3D Offzet Rovgh 4 6 3 36 248 2925

16000 3400 1250 30000 3D Offzet Rovgh 4 33 3 298 2250

32000 3000 1500 30000 3D Offset Rough 6 5 3600

32000 3000 1500 30000 3D Offset Rough 7 25 6 22 445 3600

20000 3000 1500 30000 3D Offzet Rovgh 6 3 4 32 368 2250

20000 3000 1500 30000 3D Offzzt Rovgh 10 45 20 3600
—

21000 3400 1700 30000  Raster3D OffsetConst 7 1 3 114

16000 3400 1700 30000  Raster3D Offset,ConstZ 2 21 3 18 141

21000 3400 1700 30000 Raster,3D OffsetConstZ 2 22 2 53 142

21000 3400 1700 30000 Raster 3D OffsetConstZ 2 37 3
—

20000 3000 1500 30000 Raster 3D OffsetConstZ 3 2 17 181

20000 3000 1500 50000  Raster 3D OffsetConst 7 1 55 1 2 115

20000 3000 1500 30000 Raster.3D Offset.Cons 3 13 2 47 183

20000 3000 1500 30000 Raster3D OffsetConstZ 2 14 1 53 134
.

16000 15 3 3 3D Offset 0 3 3
16000 590 |. 30000 .| DOffet 0 0| 2| :
16000 L 38 0 A0 b 11
24000 g 00 : '
24000 i 5 V'V £ o) 0 5 3 3
24000 1000 30 3D Offset I 21 2
30000 750 373 30000 1D Offset 0 % 0 30 59
30000 750 373 30000 3D Offset 1 0 | 0 | 5 80
30000 750 373 30000 3D Offset 0 18 0 30 18
40000 350 175 30000 3D Offset 6 45 1 19 403
40000 330 175 30000 1D Offeet 1 | 47 1 | 107
40000 350 173 30000 3D Offeet 0 20 1| 2 20



CAD Vol Vol Removed MEF(mm3/s2c] Finiched Total milling Fine milling RaductioAv.MER Average Fin rat

2258 1342 6.48 37
1833 1767 6.93 45
1792 1808 6.93 30
1772 1558 5.85 47 6.81

2134 781 425 27
1406 | 1969 4235 38
2133 782 3.22 27
1078 1172 3.93 52

1348 1751 4.82 45
1838 1761 3.96 45
1035 1215 3.30 34
1356 2204 3.40 61
]
435.00 21546 4.0
375.00 3455 41
362.00 322 4.0
673.00 2543 3.8 38 4 41
]
647.00 181 3.6
435.00 2586 3.8
300.00 485 41
303.00 623 3.8 36 35 41

LNECSES O LASSCTIAIONS _

17.00 0.8 0.8 1 1.1
16.40 0.28
17.70 0.30
5.18 0.28 0.28 0.3 0.30
21.00 0.03
10.00 0.0%
1.58 0.08 005 01 01



APPENDIX C- MAGAFORCE TOOL PRICE LIST

(Prices in 2011)

Diamond coated magaforce Graph'X 8529G K15 carbide)- Graphite milling

Hard’X coating magaforce Hard'X 8529H K15 carbide)-Copper milling

Graphite Milling Tool | Copper Milling Tool
Tool Diameter Price(Euro) Price(Euro)
8 Ball 82.45
6 -0.3tip 70.63
6Ball 71.24 51.62
4Ball 67.98 46.87
E8pall oélos 2584
&
"‘-_‘:"-_ZfB‘aII 61.8 39.14
I.SBaII 61.8 39.14
1Ball 61.8 39.14
0.8Ball 62.83 40.70
0.5Ball 63.86 41.20
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APPENDIX D- COST CALCULATOR

1-Graphite Grade1 79710* 4-copper block  6.89710*
2-Graphite Grade? 21710 5-Standered bar 6397107
3=Craphite Grade3 59107
Roders Graphite Milling Machine Complexity of electrode surface
SELECT ROUGH TOOL
Elect. No|X Y Z [Block Size/m|Material graqRate CAD Volume 8 6] 4
Rough1 tool used 0 1] 0
11466 0 3002 [Time(T,,) 0.00 30.89 0.00
0.00021
0 Rough2 Vol [ 0] 0
0 Time rough2/sec 0 0
0 0 0 0
Machine Time(Ty 000 4089 0.00
SNC 64 Graphite Milling Machine Complexity of electrode surface
SELECT ROUGH TOOL
Elect. No|X Y Z |Block Size/m{Material graRate CAD Volume 8| 6] 4
Rough1 tool used 0 1
1139508 21 21 28 11466 2 0 3002| Time(T,,) 0 3089051095 0
0.00021
0 Rough2 Vol 0 0
0 Time rough2/sec 0 0 0
0 0 0 0
1089051095 0
=5
V55 Copper l!@‘r'iﬁng M omplexity of electrode surface
I : LT RISt E
JUGH TOOL
Elect. Mo A T L | DIOCK SiZerimi vmalelial giag xaie AL VOIUTIE, QIMmiMmu.s1ip L Eil 4
Rough1 fool used 1 0
11395f03 15 15 19 4275 5] 0 1840] Time(T,,) 357.6475934 0 0
0
0 Rough2 Vol 0 0
0 Time rough2/sec 0| O| 0
0.000639 0 0 0
Machine Time(T,] 367.6475934 0 0
Roders Copper Milling Machine Complexity of electrode surface
SELECT ROUGH TOOL
Elect. Mo|X Y 7 [Block Size/m|Material graqRate CAD Volume 6mm0.3Tip 5] 4
Rough1 tool used 1 0
11395f03 15 15 19 4275 L] 0 1840 Time(T,,) 496.0564547 0 0
0
0 Rough2 Vol 0 0
0 Time rough2/sec 0 0 0
0.000639 0 0 0
Machine Time(Ty] 506.0564547 0 0
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COST CALCULATOR

HIGHMED LOW
1 0 0
A R E A D O N E Designand |Holder Cosf| Other Total cost Total Time
F | N E T O O L Cost involved | Programming| cost of Producing |/mins
8 6 4 2 15 1 0.8 05|Material CosfjRough Tool cost| Fine tool cost|with machine |Cost Electrode Design/prog
0 863 0 Rough1 Time spent/min
T l M E 0 2439814462 30 25 2 30
o of173] o of of of o 2.40786 Shop Floor
C o S T 0[Rough2 372
0 0 15 0 0 0 0 0 0 0
MACHINE TIME 0
0 018 0 0 0 0 0 241 244 1482 4135 114 25 g eozoi|  a37g
HIGH MED LOW
1 0 0
A R E A D O N E Designand |Holder cost|[Other Totalcost  |Total Time
F | N E T O O L Cost involved | Programming| cost of Producing |/mins
8 6 4 2 15 1 08 05[Material CostiRough Tool cost| Fine tool cost|with machine | Cost Electrode Design/prog
0 863 0 0 Rough1 Time spent/min
T | M E 0| 2439814462 30 25 2 30
of of205] of of o of o 240786 Shop Floor
T 0 0 L ¢ 0 § T 0[Rough2 427
0 0 18 0 0 0 0 0 0 0
MACHINE TIME 0
0 0 215 0 0 0 241 244 17.64 114 25 A
HIGHMED LC
0 0 1
A R E N E ner Total cost  |Total Time
F | N o] L st of Producing |/mins
6Tip. 6 4 1 U8 05jiviaierial CosyRough 100l Cosif Fifie i00l Cosi| Electrode Design/prog
0 863 0 Rough1 Time spent/min
T | M E 0| 2296498491 30 25 2 30
[ of210] of of T of o 0 Shop Floor
c o s T 0[Rough2 9.80
0 0 10 0 0 0 0 0 0
MACHINE TIME 2731725
of 0220 0 0 0 o0 o0 273 229 a7 7352 114 25 2| 2s018] 3oe0|
HIGHMED LOW
0 0 1
A R E A D O N E Designand |Holder cost|Other Totalcost  |Total Time
F 1 N E T o] 0 L Cost involved | Programming| cost of Producing |/mins
GTip. 6 4 2 15 1 08 0.5|Material CostjRough Tool cost| Fine tool cost|with machine | Cost Electrode Design/prog
0 863 0 Rough1 Time spent/min
T 1 M E 0] 31.85238544 30 25 2 30
[ o[188] o 0] [ of © 0 Shop Floor
T 0O O L c O S T 0[Rough2 11.73
0 89 0 0 0 0 0 0
MACHINE TIME 2731725
[ 018 0 0 o0 o0 o 273 3185 848 13018 114 25 AT R
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APPENDIX E - CAD MODELS

Electrode no: 11348r02 Electrode no: 11367r411

University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations

Electrode no: 113675407 Electrode no: 11368b200
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Electrode no: 11387r100

Electrode no: 11393r04 Electrode no: 11408b200
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