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Rumusan Masalah




Batasan Masalah

pemrograman CNC yang digunakan
pada proses pemesinan.



ktor-faktor yang tidak diteliti dianggap selalu konstan
an tidak berpengaruh secara signifikan terhadap hasil

benelitian.

Material yang digunakan memiliki kehomogenan sifat
mekanik dan komposisi kimia.

Mesin bekerja dalam kondisi baik.

Alat ukur yang digunakan dalam keadaan layak dan
terkalibrasi.
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TAHAPAN PENELITIAN

Eksperimen

Pengambilan Data
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Persiapan Material

Raw Material Material Uji




Proses Wire-EDM

A Ontime us 0.4 (4) 0.6 (6) 0.8 (8)
B Open voltage volt 75(2) 80 (3) 85(4)
C Off time us 10 (10) 11(11) 12 (12)
D Servo voltage volt 30(30) 35 (35) 40 (40)
E Wire feed mm/s 170 (8) 200 (9) 220 (10)
F Water flow kg/cm? 8 (5) 10 (10) 12 (15)
e Faktor l
ON ov OFF sV WF WL )
1 4 2 10 30 8 5
2 4 2 11 35 9 10
3 4 2 12 40 10 15
4 4 3 10 35 9 15
5 4 3 11 40 10 5
6 4 3 12 30 8 10
7 4 4 10 40 10 10
8 4 4 11 30 8 15
9 4 4 12 35 9 5
10 6 2 10 35 10 10
11 6 2 11 40 8 15
12 6 2 12 30 9 5 —
13 6 3 10 40 8 5
14 6 3 11 30 9 10
15 6 3 12 35 10 15
16 6 4 10 30 9 15
17 6 4 11 35 10 5
18 6 4 12 40 8 10
19 8 2 10 40 9 15
20 8 2 11 30 10 5
21 8 2 12 35 8 10
22 8 3 10 30 10 10
23 8 3 11 35 8 15
24 8 3 12 40 9 5
25 8 4 10 35 8 5
26 8 4 11 40 9 10
27 8 4 12 30 10 15




Tahap Pengambilan Data

1. Waktu Pemotongan

2. Lebar Pemotongan

3. Laju pengerjaan bahan

4. Kekasaran Permukaan

5. Tebal lapisan Recast



Laju Pengerjaan Bahan

MRR = V. x b x h (mm3 /min)

|

Replikasi 1 | Replikasi2 | Replikasi 3
17.41 17.14 17.25
14.59 14.22 14.31
12.90 12.92 12.79
16.14 16.07 15.93
15.10 15.22 14.94
17.82 17.38 17.62
16.19 16.22 16.91
16.65 16.92 17.13
15.52 15.17 15.01
21.43 21.04 21.78
19.95 19.84 19.73
21.41 21.20 21.67
21.75 21.56 21.59
23.84 24.08 24.00
21.21 21.03 21.42
22.27 2177 22.28
22.07 22.00 22.13
21.19 20.54 20.78
28.35 27.89 28.33
28.97 28.98 28.72
29.17 28.66 29.32
21.84 21.79 21.80
26.27 26.59 26.69
25.09 24.85 25.23
27.95 28.64 28.30
27.08 28.01 27.71
27.51 27.17 27.55




Lebar Pemotongan

Replikasi 1 Replikasi 2 Replikasi 3
350.00 343.33 346.67
336.67 326.67 330.00
330.00 330.00 326.67
340.00 336.67 333.33
343.33 346.67 340.00
343.33 333.33 340.00
336.67 336.67 350.00
340.00 346.67 350.00
350.00 343.33 340.00
353.33 350.00 360.00
360.00 356.67 353.33
350.00 346.67 353.33
350.00 346.67 346.67
350.00 356.67 350.00
360.00 356.67 363.33
350.00 343.33 350.00
356.67 356.67 360.00
360.00 350.00 353.33
370.00 366.67 366.67
370.00 370.00 366.67
370.00 363.33 370.00
360.00 360.00 360.00
350.00 353.33 353.33
360.00 356.67 363.33
360.00 360.00 360.00
350.00 366.67 356.67
360.00 353.33 360.00




Kekasaran Permukaan

Replikasi 1 Replikasi 2 Replikasi 3
1.58 1.63 1.62
1.63 2.02 1.72
2.02 2.19 1.95
2.00 2.16 2.30
2.11 2.20 2.15
2.18 2.27 2.27
2.12 1.86 1.96
2.11 1.82 1.95
2.25 2.34 2.15
2.66 2.07 2.44
1.98 2.21 2.15
2.32 2.18 2.20
1.69 1.79 1.73
2.22 2.27 2.27
2.25 2.49 2.44
2.49 2.50 2.45
2.15 2.08 2.18
2.56 2.13 2.44
2.38 2.41 2.43
2.87 2.69 2.83
2.89 2.45 2.64
2.57 2.74 2.60
2.50 2.35 2.46
2.87 2.71 2.87
2.86 2.72 2.73
2.42 2.70 2.53
2.84 2.92 3.23




Tebal Lapisan Recast

———
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Replikasi 1 Replikasi 2 Replikasi 3
1.85 1.40 1.49
1.45 0.87 1.31
3.10 2.82 2.71
2.44 3.06 2.95
3.06 3.60 3.81
4.69 4.24 3.97
4.04 3.09 3.97
3.27 2.43 2.55
4.06 4.40 3.76
5.12 4.80 5.69
2.24 3.56 3.00
3.14 3.30 3.18
13.28 12.75 13.88
12.77 13.11 14.18
8.69 8.92 9.70
3.85 5.34 5.05
5.92 7.89 8.96
9.65 9.55 10.29
2.81 2.64 2.63
0.57 0.54 0.00
2.28 1.14 1.04
8.06 6.65 6.56
7.24 7.11 7.68
11.27 9.89 10.60
7.30 8.03 7.67
8.04 9.41 8.76
6.94 6.76 6.73




Tahap Analisis Data

Optimasi respon individu

Normalisasi

Ekperimen konfirmasi




Optimasi respon individu

Hasil eksperimen masing-masing
respon Laju pengerjaan bahan

Semakin besar semakin baik

|_Semakin besar semakin baik__
4=
|__Semakin kecisemakin baik

Metode Taguchi

Semakin kecilsemakin baik

Lebar Pemotongan
Kekasaran permukaan
Tebal lapisan recast

Rasio S/N respon individu




Normalisasi

Rasio S/N respon individu

Eks. pen;ae];aan Lebar Kekasaran |[Tebal lapisan
bahan pemotongan | permukaan recast
1 24.74 -50.80 -4.12 -4.06
2 23.15 -50.40 -5.09 -1.85
3 22.19 -50.34 -6.27 -9.20
4 24.11 -50.54 -6.68 -9.03
5 23.57 -50.71 -6.65 -10.90
6 24.91 -50.60 -7.00 -12.69
7 24.31 -50.66 -5.95 -11.43
8 24.56 -50.77 -5.85 -8.86
9 23.65 -50.74 -7.03 -12.21
10 26.61 -50.99 -7.62 -14.35
11 25.95 -51.05 -6.51 -9.50
12 26.62 -50.88 -6.98 -10.12
13 26.70 -50.83 -4.79 -22.49
14 27.59 -50.94 -7.05 -22.52
15 26.53 -51.13 -7.57 -19.19
16 26.89 -50.83 -7.89 -13.60
17 26.87 -51.07 -6.59 -17.72
18 26.37 -50.99 -7.54 -19.86
19 29.00 -51.31 -7.63 -8.61
20 29.22 -51.34 -8.93 6.92
21 29.26 -51.31 -8.51 -4.03
22 26.77 -51.13 -8.41 -17.06
23 28.47 -50.94 -7.74 -17.32
24 27.98 -51.13 -8.99 -20.51
25 29.03 -51.13 -8.85 -17.70
26 28.82 -51.07 -8.13 -18.85
27 28.76 -51.07 -9.55 -16.66

Normalisasi

Koefisien grey-relational

Laju

Eks. | pengerjaan Lebar Kekasaran |[Tebal lapisan
Baban pemotongan | permukaan recast
1 0.4390 0.5215 1.0000 0.5728
2 0.3664 0.8940 0.7382 0.6266
3 0.3333 1.0000 0.5584 0.4773
4 0.4068 0.7104 0.5153 0.4799
5 0.3832 0.5716 0.5175 0.4524
6 0.4485 0.6566 0.4855 0.4288
7 0.4166 0.6103 0.5978 0.4452
8 0.4291 0.5369 0.6107 0.4826
9 0.3867 0.5536 0.4832 0.4348
10 0.5716 0.4338 0.4371 0.4090
11 0.5164 0.4144 0.5323 0.4727
12 0.5720 0.4797 0.4876 0.4635
13 0.5800 0.5068 0.8033 0.3336
14 0.6795 0.4556 0.4811 0.3333
15 0.5644 0.3883 0.4403 0.3605
16 0.5984 0.5067 0.4186 0.4177
17 0.5969 0.4053 0.5236 0.3740
18 0.5504 0.4338 0.4424 0.3547
19 0.9314 0.3393 0.4364 0.4866
20 0.9873 0.3333 0.3607 1.0000
21 1.0000 0.3392 0.3822 0.5734
22 0.5869 0.3884 0.3878 0.3804
23 0.8172 0.4557 0.4286 0.3778
24 0.7336 0.3883 0.3583 0.3493
25 0.9393 0.3884 0.3648 0.3742
26 0.8880 0.4048 0.4039 0.3636
27 0.8753 0.4053 0.3333 0.3843




Optimasi multirespon

Koefisien grey-relational Ka fuzzy

Eks. pen;?;aan Lebar Kekasaran |Tebal lapisan Grey-fuzzy
bahan pemotongan | permukaan recast EKs. reasoning grade

1 0.4390 0.5215 1.0000 0.5728

2 0.3664 0.8940 0.7382 0.6266 1 0.6380
3 0.3333 1.0000 0.5584 0.4773 2 0.6458
4 0.4068 0.7104 0.5153 0.4799 3 0.5903
5 0.3832 0.5716 0.5175 0.4524 4 0.5213
6 0.4485 0.6566 0.4855 0.4288 5 0.4773
7 0.4166 0.6103 0.5978 0.4452 6 0.4888
8 0.4291 0.5369 0.6107 0.4826 7 0.5207
9 0.3867 0.5536 0.4832 0.4348 8 0.5173
10 0.5716 0.4338 0.4371 0.4090 9 0.4488
11 | 05164 0.4144 0.5323 0.4727 10 0.4351
12 | 05720 0.4797 0.4876 0.4635 11 0.4807
13 | 0.5800 0.5068 0.8033 0.3336 12 0.4912
14 | 06795 0.4556 0.4811 0.3333 13 0.5512
15 0.5644 0.3883 0.4403 0.3605 14 0.4765
16 0.5984 0.5067 0.4186 0.4177 15 0.4150
17 0.5969 0.4053 0.5236 0.3740 10 0.4734
18 0.5504 0.4338 0.4424 0.3547 7 0.4581
19 0.9314 0.3393 0.4364 0.4866 12 gzgizg
20 0.9873 0.3333 0.3607 1.0000 >0 0.6526
21 1.0000 0.3392 0.3822 0.5734 o1 0.5639
22 0.5869 0.3884 0.3878 0.3804 o> 0.4046
23 0.8172 0.4557 0.4286 0.3778 >3 0.4825
24 | 0.7336 0.3883 0.3583 0.3493 - 0.4246
25 0.9393 0.3884 0.3648 0.3742 25 0.4676
26 0.8880 0.4048 0.4039 0.3636 26 0.4589
27 0.8753 0.4053 0.3333 0.3843 27 0.4498




Unit Logika Fuzzy
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Optimasi multirespon

Rasio S/N grey-fuzzy

Grey-fuzzy reasoning grade reasoning grade

Eks. Grey-fuzzy reasoning grade Rasio S/N Grey-fuzzy reasoning grade
1 0.6380 -3.90359
2 0.6458 -3.79804
3 0.5903 -4.57854
4 05213 -5.65825
5 0.4773 -6.42417
6 0.4888 -6.21738
7 05207 -5.66825
8 05173 -5.72515
9 0.4488 -6.95894
10 0.4351 -1.22822
1 0.4807 -6.36252
12 0.4912 -6.17483
13 0.5512 -5.17382
14 0.4765 -6.43874
15 0.4150 -7.63904
16 04734 -6.49543
7 0.4681 -6.59323
18 0.4224 -7.48552
19 05156 -5.75374
2 0.6526 -3.70706
2a 05639 -4.97596
2 0.4046 -7.85948
23 0.4825 -6.33005
24 0.4246 -7.44040
% 0.4676 -6.60251
26 0.4589 -6.76564
2 0.4498 -6.93961




Optimasi multirespon

Sumber variasi db SS MS Pl

ON 2 6.6426 3.3213 5.3239
ov 2 11.9952 5.9976 9.6138
ON X 0OV(1) 2 2.2664 1.1332 1.8165
ON X 0OV(2) 2 3.9312 1.9656 3.1508
OFF 2 2.2456 1.1228 1.7998
ON X OFF(1) 2 1.0012 0.5006 0.8024
ON X OFF(2) 2 1.0541 0.5271 0.8448
OV X OFF(1) 2 0.8855 0.4428 0.7097
SV 2 0.3783 0.1892 0.3032
WF 2 0.8729 0.4365 0.6996
OV X OFF(2) 2 1.0489 0.5245 0.8407
WL 2 0.7090 0.3545 0.5682
Error 2 1.2477 0.6239

Total 26 34.2787

Sumber variasi db SS MS Ehiting Ket
ON 2 6.6426 3.3213 9.4976 >2
ov 2 11.9952 5.9976 17.1507 >2
ON X OV(1) 2 2.2664 1.1332 3.2405 >2
ON X OV(2) 2 3.9312 1.9656 5.6208 >2
OFF 2 2.2456 1.1228 3.2108 >2
ON X OFF(1) 2 pooled
ON X OFF(2) 2 1.0541 0.5271 1.5071 <2
OV X OFF(1) 2 pooled
SV 2 pooled
WF 2 pooled
OV X OFF(2) 2 pooled
WL 2 pooled
Error 14 4.8958 0.3497
Total 26 34.2787




Optimasi multirespon

Sumber variasi db SS MS Fhitung p

ON 2 6.6426 3.3213 9.4976 17.34

oV 2 11.9952 5.9976 17.1507 32.95 A — o

ON X OV 4 6.1976 15494 44307 14.00 umber varias onaisi o

OFF 2 2.2456 1.1228 3.2108 451 ON ditolak

ON X OFF(2) 2 1.0541 0.5271 1.5071 1.03 oV ditolak

Error 14 4.8958 0.3497 30.16 ON X OV ditolak

Total 26 34.2787 100 ) o
ON X OV(2) ditolak
OFF ditolak
ON X OFF(2) gagal ditolak

Faktor ON oV ONxOV(1) [ oNxov(2) OFF

Level optimum Level 1 Level 1 Level 3 Level 1 Level 2




Eksperimen konfirmasi

Seting faktor Kombinasi awal Kombinasi optimum
ON Level 2 Level 1
ov Level 2 Level 1
OFF Level 2 Level 2
N Level 2 Level 1
WF Level 2 Level 1
WL Level 2 Level 1
Laj .
ajl{ Lebar Kekasaran | Tebal lapisan
. pengerjaan
Seting faktor pemotongan | permukaan recast
bahan
(m*/min) (Hm) (km) (um)
17.93 353 2.05 9.12
18.06 360 2.56 8.72
— 17.76 353 2.39 8.64
Kombinasi awal
17.98 350 243 9.35
16.93 357 2.53 9.27
17.73 354.67 2.39 9.02
16.76 340 2.19 1.97
16.60 340 1.76 2.74
L 16.57 340 1.89 2.55
Kombinasi optimum
16.24 337 1.92 3.01
16.22 330 1.87 297
16.48 337.33 1.93 2.65




Eksperimen konfirmasi

Laj :
Seting faktor en aejrqaan Lebar Kekasaran | Tebal lapisan
g P bgh e:n pemotongan | permukaan recast
Kombinasi awal 24.97 -51.00 -7.60 -19.11
Kombinasi optimum 24.34 -50.56 -5.72 -8.54
Seting faktor Laju pengerjaan Lebar Kekasaran Tebal lapisan
bahan pemotongan permukaan recast
Kombinasi awal 0.4515 0.4319 0.4384 0.3612
Kombinasi optimum 0.4178 0.6931 0.6301 0.4877
, rey-fuzzy reasonin .
Seting faktor grey y g rasio S/N
grade
Kombinasi awal 0.4008 -7.9414
Kombinasi optimum 0.6878 -4 5653
” ~
Peningkatan 71.61% 42.51% /




Interval kepercayaan rata-rata rasio S/N
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